Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8

" Volume 7, No. 2

. February, 1961

THE SOVIET JOURNAL OF

TOMIC ENERGY

AtoMuas
DHEPTUS

~ CONSULTANTS BUREAU

~ Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8




THE

tocaatatd [...Q..u..

OF GLASS

Vdumez

Proceedmgs of the ° Thrrd All-Union Conference on the -

Glassy State, held in Lenmgrad November 16-20,
1959. . -

This notable volumé contains papers presented at
the conference convened by the Institute of Silicate
Chemrstry of the Academy of Sciences, USSR, the
- D. 1. Mendeleev All-Union Chemical-Society, and the
S..I. Vavilov (Order of Lenin) State Optical Institute
for discussion of recent experimental studies of vari-
ous properties of glass, the principal methods for in-
vestigating glass structure, and the problem of glass
formation. .

A complete account is glven of research work on the
glassy state since the previous conference. The most
modern optical, spectroscoprc, and electrical tech-
niques were used in studying the structure of glass in
all its aspects, and thé results are interpreted in.the

light of contemporary physrcal theories of the solid

state.- . - ..
Volume 2: $25.00

’ CONTENTS mclude .

- ) Investlgauon of Glass Structures by the Methods of'Optl-

492 pages

cal Spectroscopy. A. A. Lebedev
Diffraction Methods for the Study of Glassy Substances
: E. A. Porai-Koshits :
The Cellular Structure of Glass. W. Vogel )
Characteristic Vibrations of the Glass Network and Glass
Structure. 4. G. Vlasov
General Problems of the Structure and Propertres of
Glasses. K. S. Evstrop’ev .~

Additivity of the Properties of Silicate Glasses in Relation N

to their Structure. L. I. Demkina
" Glassy Systems and the Problem of Glass Structure.
M. A. Bezborodov
Chemical Characteristics of Polymenc Glass-Formmg Sub-
stances and the Nature of Glass Formation.
R. L. Myuller

Characteristics of Glass " Formatron in Chalcogemde '

Glasses N. A. Goryunova and B. T. Kolomiets
_Glass as a Polymer. V. V. Tarasov -
Formation of a Crystalllne Phase from a Slllcate Melt. -
- A. L. Avgustinik
The Vitrification Process and Structure of Glass
O. K. Botvinkin

Formatron of Glass Structure durmg the Melting Process ’

L. G. Mel'niclienko

The Structure of Glass in the Light of the Crystal Chemrs- .

try of Silicates. N. V. Belov *

“

- Complete contents a'vatlable upon request .

CONSULTANTS BUREAU -
227 W. 17 ST., NEW YORK 11, N. Y. -~

-

s

STRUCTURE P

|IIustrated ‘ ",296 pages

-y,
-

~ Volume 1-

Proceedrngs of the Second All-Umon Conference on-

: the Glassy State . -

. The Glass Dwrsnon of the American Ceramic
Socrety and the National Science Foundation are to
be congratulated for making this inspiring collection
available . ..” — Journal of Chemical Education
“The book should be of great interest to scientific and
techrical personnel interested in glass technology,

" ceramics, the states of matfer, and any work 1nvolvmg‘
_the vitreous state. They should all have the experience

of readmg this book.”~

.a stlmulatmg’ experience .
. — Trans. Brmsh Ceramzc Socrety

hvely discussions which show the diversity of
oprmons on every experxmental report.” » :
. —The Glass Industry )

the translation was well
 —R.W. Douglas, Nature

;_-— Chemtstry in Canada )

“ . . the volume is excellent .
worth while . : .”

" Volume 1: szooo

Vol_u{nesunu»zﬁ $40.00 per set N

CONTENTS inélude

~The Crystalhte Theory' of Glass Structure K S EvstrOpyev

Structure and Properties of Organic Glasses. P. P, Kobeko
The Structure of Glass. 0. K. Botvinkin -

The Possibilities and Results of X-Ray Methods for Inves-
-tigation of Glassy Substances. E. 4. Porai-Koshits
Structural Peculiarities of Vitreous and Liquid Srlxcates

O.A.EsinandP. V. Geld

> Raman Spectra and Structure of Glassy Substances. E..F.

Gross and V. A. Kolesova
The Quantum Theory of Heat Capacity and the Structure
of Silicate Glasses. V. V: Tarasov

- The Infrared Spectra.of-Simple Glasses and Their Rela-

tionship to Glass Structure. V. 4. Florinskaya and
R. 8. Pechenkina

The Coordination Principle of Ion Drsmbutron in Silicate -
Glasses. 4. A. Appen

Concepts of the Internal Structure of Silicate Glasses
Which Follow from the Results of Studies of the Prop-
erties of Glasses in Certam Simple Systems. -L. 1. -
Demkina

Measurement of the Expansion of Glass as a Method for .
Investigating its Structure. 4. 1. Stozharov ’

The Theoretical Views of D. 1. Mendeleev on the Structure
of Silicates and Glasses, and Their Slgmﬁcance for
Modern Science. L. G. Melnichenko

" The Views of D. I. Mendeleev on the Chemlcal Nature of

Silicates. V. P. Barzakovsky
' illustrated

N

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8

EDITORIAL BOARD OF " THE SOVIET JOURNAL OF

A.1. Alikhahov

i ATOMIC ENERGY

V.S. Emel’yanov

V. S. Fursov :
ALK K A translation of ATOMNAYA ENERGIYA,
AL Leipunskii . a publication of the Academy of Sciences of the USSR
N ;ElgﬁzL-?z-Ch-ief)v ‘ S .7 v
%. Yvii"s‘ﬁ“r“ , (Russian original dated August, 1959) ) o
A. P, Vinogradov
N(AAstlsatZ?t Editor) Vol. 7, No. 2 February, 1961
A.P. Zefirov . — -
CONTENTS
. _RUSS.
| PAGE ~PAGE
Industrial Production of Heavy Water. M. P. Malkov .. ....:..... et e T 613 101::
Sorption Methods of Separating Barium and Radium, Aluminum and Gallium, and
Zirconium and Hafpium. B. N. Laskorin, V. S. Ul'yanov, R. A. Sviridova, .
A. M, Arzhatkin, and A. 1. Yuzhin ... ...... e et e creen 620 110
Hydrogen Condensation Pump with Built-In Liquefier. E. S. Borovik,  B. G. Lazarev, and
LE.MIKhailov & v o v vt it iie e ttannoe sotennerensnsssnsnsnsosnss 626 117
The Problem of St_ablllty of Nuclear Power Plants. A.S.Kochenov ............... 630 122
The Nuclear Reactor Circulation Circuit as a Radiation Source. Yu. S. Rzabukhm and
A.Kh.Breger...........cco.ven.. Cereea e ch e ettt 636 129
Dosimetry Method for 8 Radiation Based on Investigations of the Electron Spectra in the
Fields of 8 Emitters, K. K. Aglinstev and V.P. Kasatkin ......... Ch e e 644 138
Fine Structure of the Yield-Mass Curve for U™ Fission Fragments. V. K. Gorshkov and
M. P, Anikina ......... et tae e tec e e 649 144

120 cm Cyclotron. A. G. Alekseev, M A Gashev, D. L, Londysh, I. F. Malyshev,
I. M. Matora, E. S. Mironov, N. A. Monoszon, L. M.. Nemenov, V. V. Pirogovskii,
N. A. Romanoy, N. S. Suel'tsov, and N. D, Fedorov . ........... e cee 653 148

LETTERS TO THE EDITOR
Dispersion Mechanism of Fluids in a Bubble-Tray Extraction Tower, and a Method for

Intensifying It, N.P. Galkin, V. B. Tikhomirov, N, E. Goryainov, and V. D, Fedorov 663 159
Separation of Mixtures of Zirconium and Niobium by Reversed-Phase Partition

Chromatography. S. Sekerski and B. Kotlinska . ... ............ Ceee e 665 160
Composition and Dissociation Constants of Pu (V) Pu (III) Complexes with Ethylenediamine-

tetraacetic Acid. A. D. Gel'man, A. I. Moskvin, and P, I. Artyukhin . . ......... 667 162
Experimental Determination of the True Specific Heats of Uranium, Thorium, and Other

Metals. ELA.Mit'kina ..o v vv v e v i et et 669 163
Measurement of Electrical Resistivity of Pile-Irradiated Bo111ng Nitrogen. Yu. K. Gus'kov

and A. V. ZVORaIev + o oo v v v v v v e e vn. .. S et e e 671 165

Use of the Reaction 0 (a:,n)Ne?! to Detetermine the Concentratlon of Alpha-Active
Substances in Aqueous Solutions. V.V. Ivanova, A. 1. Nazarov, E. V. Polunskaya,

A. G. Khabakhpashev, and E. M. TSEnter . . . . o vvvvs ... 672 166
Gamma=Radiation of the Fission Fragments of U and Pu™® Yu. 1. Petrov . e e 675 168
A Neutron Detector with Constant Sensitivity to Neutrons with Energies from 0.025 to 14 Mev.

P. 1. Vatset, S. G. Tonapetyan,and G. A, Dorofeev. . .. ...... et et 679 172
NEWS OF SCIENCE AND TECHNOLOGY
All-Union Symposium on Radiochemistry . . ... ... e e e 682 175
Annual subscription § 75,00 © 1961 Consultants Bureau Enterprises, Inc., 227 West 17th St., New York 11, N. Y.
Single issue 20.00} Note: The sale of photostatic copies of any portion of this copyright translation is expressly
Single article 12.50 prohibited by the copyright owners.

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8

CON TENTS (continued)

. - , PAGE
Scientific Conference of the Moscow Engineering and Physics Institute (MIFI) « « o« « o s o 683
Atoms forPeace ......vvoeersoronsosannnooescenassonsennnns 685
[Low-Temperature Distillation of Hydrogen Isotopes. '

Source: Chem. Eng. Profr. 54, N0o. 6,35(1958) ... vvvveneeniennaann
Magnetic Moment of the p Meson ......... R et aea e 688
The Present State of the Art in Proton Synchrotrons ......... e et . 689
Brief COMMURNICALIONS « « ¢ « v « o v v o oo ooesencessasanseecacsossossosocans 692
BIBLIOGRAPHY. . :
New Literature - e ¢ e s e v oo v o oo cean T R 694

NOTE

The Table of Contents lists all material that appears in Atomnaya I-fhergiya. Those items that
originated in the English language are not included in the translation and are shown enclosed in brack-
ets. Whenever possible, the English-language source containing the omitted reports will be given.

Consultants Bureau Enterprises, Inc.

RUSS.
PAGE
176
11

180]
184
186"
188

194

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8 ' !



Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8

INDUSTRIAL PRODUCTION OF HEAVY WATER

M. P. Malkov

Translated from Atomnaya‘finergiya, Vol. 7, No. 2, pp. 101-109,

August 1959
Original article submltted December 10 1958

P

‘This article takes up possible methods for producing heavy water on an industrial scale. The most eco-
nomically competitive methods are described and they are compared in their engmeermg and economic
aspects. Low-temperature distillation and the hydrogen sulfide (dual temperature exchange) processes

are viewed as the best.

.Heavy water is an important commodity for nuclear
power engineering, whereitmeets with widespread use as
moderator of fast neutrons and as coolant. Heavy water
possesses some advantages over other moderators (Table 1).

However, heavy water has one outstanding drawback -

as moderator: irradiation decomposes it into oxygen and
- deuterium, which imposes the requirement of special meas-
ures to effect the continuous recombination of the oxy-
gen and deuterium evolved.

The following specifications have been set in the
USA for reactor-grade heavy water (2} DpO content not
less than 99.7 wt. % after introducing corrections for o'
and not less than 99,75 wt. % on the average per sample
(pH = 6-6.6).

The chemical purity is monitored by measuring the
electrical conductivity; the use of heavy water with a
resistivity of 15 pohm/cm is permissible.

A nuclear power station of average power rating re- -

~ quires 100-250 tons of heavy water. A power economy
based on heavy-water reactors, would thus require the
production of thousands of tons. It is therefore, impera-
tive to bring the price of heavy water as low as possible.

The opinion entertained in the USA is that nuclear
electric power stations, may become competitive with
coal-fired stations, if the cost of 1 kg of heavy'wate‘r is
- not higher than 90 dollars. The market price of 1 kg of
heavy water stood at 150—-200 dollars for a long period
[2-51, but is now 62 dollars.

The difficulties attending the production of heavy
water are due mainly to the fact, that deuterium is en-
countered in extremely low abundance in natural hydro-
gen containing compounds: it constitutes about 1 part
per 7 thousand parts of hydrogen. The method used for

TABLE 1. Properties of Several Moderators ]

extracting the deuterium must then be one that com-
bines processing huge amounts of raw hydrogen withlow
energy input and low capital expenditures.

Much work has been done in various countries to
find. new methods for isolating deuterium, but only a
few of them have proved economlcally feasible for use

- on an industrial scale.

Separation of a mixture of. hydrogen 1sotopes is based
in practice on the difference in the physical properties
of its components; this difference resides in the dimen-

-sions of the molecules, their mass, magnetic pr,oper_t_ies,

and on the intermolecular interaction forces.

The followmg methods hayve been studied with re-
spect to separation of mixtures of hydrogen isotopes :dif-
fusion through porous membranes and centnfngauon,
electrolysis of water; chemical isotope exchange; frac-
tional distillation of hydrogen-containing compounds
(H;0, NHj, etc.), fractional distillation of liquid hydro-
gen; adsorption, absorptiomand ion exchange; thermal
diffusion; . extraction and fractional crystallization.

_Only the following methods were found suitable for
industry: electrolysis of water; .various modification of
chemical isotope-exchange processes; fractional distil-
lation of hydrogen-containing. compounds; absorpnon.
fractional distillation of liquid hydrogen.

Some of these methods are now being applied in
the industrial production of heavy water.

With respect to the raw feed material used, the
methods employed in the production of heavy water
may be broken down into two groupings:

1. Methods using intermediate products from anoth-
er process than the feed (e.g., hydrogen obtained in syn-
thetic ammonia plants or in hydrogenation plants, or

Properties H,0 D30 Be c BeO
'Atomic or molecular weight - 18 20 9 12 25
Capture cross section at 0,025 ev, bams 0,66 0,92.10-8 9.10-2 4,5.10-% | 9,2.1078
Scattering crosssee. at 0.025 ev, barns | . 110 S - 6,9 . 4,8 11,1
Slowing-down constant . 67 5820 160 169 180
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Fig. 1. Flowsheet of electrolytic production of
heavy water. -

electrolytically produced hydrogen, etc). For example,
from the hydrogen processed at synthetic-ammonia plants,
0.21 kg of heavy water per ton of ammonia produced
may be extracted, i.e., a plant with an annual capacity
of 100,000 tons of ammonia, may yield in excess of 20
tons of heavy water annually [4].

- 2. Methods using a feed not derived from other
processes (e.g., distillation of light water or isotope ex-
change involving light water). The second grouping has
the advantage. that the production of heavy water is not
limited by the nature of the feed. '

~ We shall now briefly discuss the methods which are
of interest on an industrial scale.

" Hectrolysis.of Water. The electrolytic technique
for separting the isotopes of hydrogen was discovered
as far back as 1932, The essence of the approach con- -
sists in the presence of an enhanced yield of heavy water
(three to eight times that in the feed material) in the
undecomposed residue, upon electrolysis of ordinary wa-
ter. The hydrogen fraction with lower deuterium content
is given off with the gas in electrolysis, and a buildup
of the heavy isotope of hydrogen takes place in the
electrolyte. Until the Second World War, electrolysis
was considered the sole technically feasible method for
the production of heavy water on a large scale (used by
the Norsk-Hydro company at Rjukan, Norway).

Figure 1 shows a flowsheet of a continuously oper-
ating bank of electrolyzers. The constant level of the
liquid in the principal electrolytic cell (stage one) is
maintained by addition of makeup water. The water
condensing as the hydrogen and oxygen are dried in the
refrigerating units a; and b, entersthesecond stage as
feed. Cooling units a; and b, feed the third stage, and
so forth, The dimensions of the electrolytic cells are -
tapered off as the deuterium concentration in the water
increases.

This type of cascade of cells is not feasible for the
production of heavy water in high concentration, since
hydrogen heavily enriched in decuterium is obtained from

614

the last stages, as a result of which the degree of extrac-
tion of deuterium falls in the arrangement. In order to

raise the degree of extraction of deuterium, the gas may

be bumed from the cells, which yields hydrogen with
enriched deuterium content, and the water forming in
the cells containing a corresponding concentration of
deuterium in the electrolyte may be recycled. The per-
centage of hydrogen and oxygen produced for chemical
purposes is reduced in that method, and the production
costs for heavy water are increased.

The degree of separation of heavy water by simple
electrolysis is quite low (~ 8-10%) [4]. If the entire
supply of electric power were to be consumed solely in

Hydrogen to Water from
upstream reactor upstream reactor
Bubble-cap
trays
Catalyst S
eds S
< Heating
Heating unit
) —4 = Humidifier
Hy % Coqlin
. E ectro- _unit &
Cooling
unit

Water to higher enriching
stage
Fig. 2. Flow diagram of joint opera-
tionofelectrolytic cells and isotope -
exchange reactor.

the production of heavy water in that process, as an ex-
ample, this would amount to 120-150 thousand kw-hr
per kg of heavy water. Production of heavy water by
simple electrolysis is thus shown to be highly uneconom-
ical. The degree of separation of deuterium may be in-
creased in the electrolytic process without resorting to
burning the hydrogen, however. To do this, the deute-
rium is extracted from the deuterium-enriched hydrogen
stream in the final stages of the electrolysis seqﬁence
by means of catalytic isotope exchange with the con-
densed water of the preceding stages. The heavy-hydro-
gen isotope accumulates in the water, which yields the
possibility of the deuterium to the liquid phase.

Figure 2 shows a flowsheet for this-variant of joint
operation of an electrolyzer stage with an isotope-ex-
change reactor. Water from the previous electrolytic

' stage is fed to the top of the reactor. Water enriched

in deuterium from the gaseous phase is allowed to flow

in successively from one tray to the next and is admit-
ted to the clectrolytic cells, Hydrogen fiom those cells
proceeds to the bottom of the reactor where it is mixed
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with water vapor.. Phase exchange takes place on the
catalyst bed placed between the trays, as a result of
which the deuterium from the hydrogen is converted to
steam (K > 1) and later condensed -on the trays. .

A similar flowsheet for operation of an isotope-ex-
change reactor in series with each electrolysis stage has
‘been devised. The degree of separation of deuterium
may be increased considerably over thatrésulting from
the simple electrolytic technique.

The combination of the electrolytic and isotope
* exchange arrangements is widely used in industry.

Chemical Isotope Exchange. From the viewpoint
of practicability, the following reactions are of greatest
interest:

K=269 at 100°C7.
K=362 at 2.5°c]’
. K=192 at 100°C
H o H H,S | ' .
0+ HDS 2 HDO+H,8 [ 1 = "0 & 2500],
[K=583 at 25°C].

‘H,0+HD 2 HDO+H2[

NH,+HD 2 NH,D +H,

The method of separation is based on the fact that
the equilibrium ratio of deuterium and hydrogen in those
~ reactions is different in one pair (H,O + HDO) from the

'same ratio in the other pair (H, + HD). If the substances
are contacted in countercurrent, the deuterium may be
separated in the same manner as in an absorption process.

Two exchange processes are known:

1) the simple equilibrium chemical exchange at
some optimum temperature, constituting a conversion
of a compound enriched in deuterium (e.g., the deute-
rium of HDO goes over into HD);

2) the "dual-temperature” exchange process in
which some hydrogen-containing compound is used in
a closed cycle. The isotope exchange is carried through
at two different temperature levels and, consequently,at
‘different equilibrium ratios, which provides the condi-
tions for continuous concentration of the deuterivm,

Simple exchange of isotopes proves to be econom-
ically feasible only for the water vapor-hydrogen reac-
tion, It is possible to design a cascade of reactors with
platinum or chrome-nickel catalysts where the exchange
reaction proceeds in the vapor phase, while each suc-
ceeding reactor is fed by the water from the preceding
stage. As indicated above, simple isotope exchange is
being successfully employed in combination with elec-
trolysis of water.

The most promising approach is the dual-temper-
ature process. Many isotope-exchange reactions find
successful application in this process: of particular in-
terest is the reaction HDS + H;0, which proceeds at a
rather rapidrate without benefit of catalyst. Thesimplest
scheme for this reaction is shown in Fig. 3.

The feed water passes down through twobubble-cap
towers A and B in series, the top tower operating at a
temperature of 25°C, and the downstream unit at100°C.
The equilibrium constant of the eXchange reaction be-

~ towers.

.. Makeup
" water-

I :

[1~
———
N
(%3

N
- Circulator

-

Product

Water enrichéd
with" :
deuterium

THT

_'Heat exchanger

Pz 3

L L]
Fig. 3. Flow scheme of a *dual -
temperature™ exchange process.

tween hydrogen sulfide and water at 25°C is 2.34, and
at 100°C is 1.92. ' In both columns, the hydrogen sulfide
and the water circulate in ¢ountercurrent. Deuterium
béginsto accumulate in the streams between the two
columns in line with the equilibrium constants. The in-
termediate heat exchangers recover ‘the heat from the
streams passing from one column to the next. The de-
gree of separation of deuterium by this method is about

15% [4].

The simplicity of the scheme and the comparatlvely
low energy input make this process the most promising
one. The disadvantage 1nherent in the method is corro-

'smn of the associated equlpment These difficulties seem

to have been surmounted in the USA so that the method

described is widely used on an industrial scalein the USA
for the production of heavy water, and proves to be highly
economical [4, 5, T].

The method may in principle become still more
econoinical if gaseous hydrogen sulfide, which requires
comparatively high-powered compressors to get it to
circulate, is replaced by some liquid compound with
suitable equilibrium constants for the reaction with water.
Aside from the choice of some such compound, difficul-
ties arise here in connection with the establishment of a
satisfactory reaction rate for isotope exchange between
liquid phases.

In the dual-temperature process, the HyO + HD sys-
tem is characterized by more favorable constants than
the H,O + HDS system. The engineering of this process
requires an expensive tower with catalysts, and the main-
tenance of different pressure levels in the cold and hot
However, the operating conditions of this system
may be significantly improved by using a catalyst in the
form of a sol or slurry [8]. Suitable catalysts are provid-
ed by metals of the platinum group and nickel deposited
on activated charcoal or chromium oxide toincrease the

.active area. An advantage of this system over the dual-
_temperature hydrogen sulf1de process is also found in
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the fact that water circulates with the catalyst in the
closed cycle, instead of hydrogen sulfide, so that the
amount of energy consumed in circulation is greatly re-
duced. The source of deuterium for this process may

be hydrogen produced in some other manner, e.g., the
gas used in the production of synthetic ammonia, or hy- .
drogen used in hydrogenation processes.

As calculation have demonstrated [8], the circula-
ting flow in that system will be four to five times less
than in the H,S system. Calculations based on equili-
brium constants with the process rate accounted for show
that the temperature of the cold tower may be 30°C,
while that of the hot tower is 200°C. The process pro-
ceeds better at a pressure of 200 atmos. When the produc-
tion of large quantities of heavy water is called for, this
process must be highly economical [8]. At the present
time it has not yet been developed for industrial-scale
use, and only pilot-plant and designresearch is in progress.

To sum up, different modifications of the dual-tem-
perature exchange process, must be acknowledged to be
the most promising methods for separating deuterium,
while one of the variants, the hydrogen sulfide process,
has already been applied on an industrial scale, and may
become one of the most economical methods.

Fractional Distillation of Hydrogen-Containing
Compounds. This method is based on the possibility of
distillation, when there is a sufficiently large difference
between the vapor tensions of the hydrogen and deuterium
compounds. . o

Table 2 lists data giving the ratios of the vapor
tensions of the most commonly encountered hydrogen
compounds and corresponding deuteriurn compounds at
the triple point and at the boiling point, under normal
conditions.

TABLE 2. Vapor-Pressure Ratios of Hydrogen and
Deuterium.Compounds under Different Conditions

Attriple |At boilirég

) point under

Compounds point normal con-
ditions
H,0/HDOQO ... ... 1,12 1,026
NHy/NH,D o .. . L 1,08 . 1,036
CH, /CH,D ... ... 1,0016 0,9965

Hy/HD . . . . .. .. 3,6 1,7

The method of fractional distillation of water is
exceptionally simple in its arrangement, and reliable in
operation. Industrial plants based on this method were
build in the USA during the Second World War.

As a result of the relatively low value of the separ-
ation factor the number of trays for producing the end
product is very large, more than 700, which then brings
about a need for a large number of very high towers.

Figure 4 shows a simplified flowsheet of the fimt
two stages of a facility for separating heavy water by a
distillation procedure. In each stage, the towers operate
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in series and thus comprise, as it were, a single tower
unit. The water is pumped from tower to tower. =
The advantage of this method is the unlimited sup- -

" ply of raw.material. A disadvantage in this method is
‘that the relative difference in the vapor tensions of HyO
.and HDO drops sharply as the temperature goes up, so

that operation at low pressures and, consequently, with
towers of larger diameter is necessitated. No small .
amount of difficulty is occasioned by the small vapor -
pressure drop along the height of the column. The degree
of separation of deuterium by the fractional-distillation
method is small(~ 3-4%). In the USA, such facilities
were closed down as unprofitable aftera prolonged oper-
ating experience. The cost of a single kg of heavy wa-
ter produced at those plants was 300-500 dollars. The
economic competitiveness of the process of extracting
deuterium by the water-distillation method may be en-
hanced by using heat pumping action, i.e., by secondary
compression of steam for heating the column still, and
utilizing other improvements.

It is obvious that this method may become profit-
able only oncondition that costs of the low temperature
heat sources be exceptionally low. Such conditions

~may be had, e.g., ingeyserregions. According to avail-

able information [4], a combine consisting of a facility

for extraction of heavy water by the distillation method

and an electric-power generating station operated on the
heat from geothermal vapors is being built.
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Fig. 4. Flowshect of facility for extracting heavy
water by the water-distillation method.

The fractional distillation of liquid ammonia has
attracted great interest. It is quite true thatthis process
must be carried to completion under more exacting con-
ditions than the process of fractional distillation of wa-
ter. The scales of the industrial enterprises processing
ammonia are limited. The rectification process may
be combined with an ammonia-water isotope-exchange
process, but this results in much higher costs.

The British * CJB" firm has developed a process for
producing heavy water in which ahydrogen-ammonia iso-
tope-exchange step is combined with subsequent recti-
fication of liquid ammonia. In the first isotope-exchange -
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column, operating at a pressureof 250 atmos, arid atemp-
erature of -40°C, the deuterium concentration in the
ammonia is quintupled. This ammonia is admitted to
the system of two columns, whose operation is based on
the dual -temperature process. The cold tower operates
at a temperature of -40°C, while the hot tower runs at
+100°C, Hydrogen serves as a gaseous circulatihg me-
dium. At this point, the concentration of deuterivm in
the ammonia is again quintipled. The hydrogen—am-
monia isotope-exchange process takes place only inthe
presence of a catalyst suspended in the liquid ammonia.
Ammonia enriched 20-25 times in deuterium thus en-
ters the system of rectifying towers. To improve the
economic performance of this rectification process the
heat pump principle is resorted to: the overhead am-
monia vapors drawn from the top of the column are
compressed by a compressor and fed to the column still
goils for reheating.

According to the data of the company, the cost of

1 kg of heavy water obtained by this process is ~ 48 dol-
lars; capital outlay comes to.~ 230,000 dollars, scaled
to the production of one ton of heavy water annually.
) Methane is not suitable as feed since the relative
volatilities of CHy and CHyD are close to unity, Thesame
reason rules out the successful use of other more com-
plex hydrogenous compounds.

Absorption. This approach is based on the differen-
tial solubility of gaseous Hy and HD in the absorbing
medium. A large assortment of sol ventshave beenstudied
experimentally and theoretically [6]: NHj SO, CH,
H,S, NO, COq, A, Np, Ne. These studies were performed
over a wide range of pressures(1-200 atmos.) and temper-
atures (27°-239°K). It was found, that in almost all
cases HD dissolves better than Hy. The ratio of the
Henry coefficients may be used as a measure of the pos-
sibility of separation. For most absorbents, this ratio
lies within the range 1.03-1.2; for liquid neon, it is
very high (~ 3.24). Using the best solubility of HD in
liquid, it is possible to set-up a scheme of continuous
extraction of deuterium from some gas containing hy-
drogen (e.g., from a gas such as synthesis gas used in
the production of ammonia) by scrubbing it with liquid
absorbent (nitrogen orneon) in passage through the tower.
Calculations based on such schemes have shown that
the energy input per kg of D,O must amount to8-15,000
kw-hr [6]. Making this process a reality involves great
engineering difficulties and no way has yet been found
to surmount them.

Fractional Distillation of Liquid Hydrogen. The
search for cheaper ways of manufacturing deuteriumled
to the study of the possibility of extracting the heavy
isotope of hydrogen directly by rectification of liquid
hydrogen.

Such a method is entirely possible in principle,
since the boiling point of deuterium is 23.5°K and that
of hydrogen 20.38°K, i.e., the difference in the boiling
pointsattains 3.12°K. In practice, because what is
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present in the hydrogen' is not Dy, but HD whose boiling
point lies between that of hydrogen and deuterium
(22.13°K to be exact, the difference does not exceed
1.75°K. This difference in boiling points caffices to
provide a very high enrichirent factor of 1.7.

The feasibility of enriching deuteriuri by a simple
evaporation of liquid hydrogen was first proven under
laboratory conditions in 1932 [3]. In 1933, a small
tower was used on a laboratory scale for enriching liquid
hydrogen with deuterium [10].

As calculations demonstrated, this method for pro-
ducing heavy water requires rather low capital expend-
itures and involves relatively low input 2,4,5,11,12],
e.g., in order to extract 1 kg of D;0, 4-5000 kw-hr of
energy must be supplied.

The method of fractional distillation of liquid hy-
drogen thus comprises one of the cheapest and most ef-
ficient methods of deuterium separation. However, this
interesting method is so novel and so unusual. from the
engineering standpoint (i.e., fractional distillation of
liquid hydrogen and the attendant secondary processes),
that much preparatory research work would have to be
carried out to make it a reality.

Plans and designs for large-scale heavy-water sep-
aration facilities based on this approach were actually
wotked out in the USA in 1950-1951; but while all of
the experts acknowledged the economic soundness of
the method, American specialists were unable to solve
all of the scientific and engineering problems standing
in the way, and the facilities were not constructed.

In processing hydrogen by the refrigeration method,
the decisive point is the removal of impurities from the
hydrogen. For example, when the hydrogen contains ap-
preciable amounts of oxygen and nitrogen,these substances
freeze and plug up the tubes when cooled to the boiling
point of hydrogen, thus impairing the normal operation
of the separation units. It is known that oxygen impuri-
ties may be readily removed by catalytic hydrogenation,
as is done with melanges in synthetic-ammonia plants
and in the liquefication of hydrogen [13].

When the hydrogen contains appreciable nitrogen

“impurities (over 3-4%), as does, for example, a melange

(25% Ny and 75% Hy), removal of the first batches of im-
purities is carried out with relative ease: when the
starting mixture is cooled down, the nitrogen liquefies
and is continuously rejected, while the entire hydrogen
fraction remains in the gaseous phase. The nitrogen
residues may be frozen out in reversible heat exchangers,
or else absorbed inrefrigerated absorbent [2,4,5, 12,14,15).
Figure 5 shows a flow diagram for the separation
of deuterium from hydrogen by the refrigeration method.
The initial hydrogen, at a pressure of 2-3 atmos after
cooling in the heat exchangers (not shown in the dia-
gram) to a temperature close to the saturation point,
i.e., close to ~ 25°K, is admitted to the midsection of
the rectifying tower L The reflux from this column is
high- pressure recycled hydrogen which is cooled in the
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heat exchanger and in the coils of the still of column I,
after which the hydrogen stream is. throttled and admit-
ted in liqulid form to the top of the column. The recycled
hydrogen is simultaneously usedfor balancing off the cold
losses of the entire facility, for which purpose it is com-
pressed to high pressures. Tocompensate for cold losses,
reciprocating or turbo-driven expansion engines may also
be used. A concentrate containing.5-10% HD is drawn
off from the still of column;- - The degree of separation
of HD in the column may be stepped up to 90-95%,

This unit, which may be termed the first separation stage, .

is basic both with respect to energy consumption and
with respect to equipment costs, in the entire processof
extraction of deuterium from hydrogen. The second en-
richment stage consists in obtaining ~ 100% HD from the
5-10% concentrate. To achieve this, the concentrate
produced in the first stage is fed to the fractionating
column I. The semifinished overhead product from this
column is then recycled to column I of the first stage
in order to recover the remaining HD,  All the ~100%
HD drawn off from the still of column II is passed through
heat exchanger T-1 and fed to the contacting unit P
where the reaction

" 2HD=H,+ D,
takes place.

After the HD is passed through the contacting unit,

a ternary mixture containing ~ 50% HD, 25% Dj, and
25% H, is formed. In order to separate out 100% deute-
rium, this mixture is then passed throughheat exchanger
T-1 and fed to the fractionating column III, which works
in a manner similar to column II. The product takenoff
the top of the column, which may be viewed as discard
from this stage, is recycled te column 1I as feedstock for
the extraction of HD and D,; The second stage, and par-
ticularly the third stage, are tapered off in dimensions,
being incommensurably smaller than the first stage.

It should be noted that the scheme described re-
flects only the general operating principles of the ar-
rangement, and the concentrations of the intermediate
products referred to may therefore take on other values,
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Fig. 5. Flowsheet for separation of deuterium by the
refrigeration method.

. Just as a different combination of the operatlon of the
discrete stages is also possible.

The feedstock used in this method depends on the
sources of the hydrogen used (synthetic-ammonia plants,

- hydrogenation plants, etc.), so that while the sources of
feed are quite ample, they are not unlimited. Produc-
tion could be rendered independent of the source of raw
hydrogen by introducing a closed hydrogen cycle, the
deuterium content of which would be renewed continu-
ously by isotope exchange with water vapor at’ high
temperatures {5].. Capital and operating costs would
naturally rise.

In the Soviet Union, the method of low- tempera-
ture distillation in deuterium production, has been re-
alized on an industrial scale.. Details on the technique
were reported in a paper submitted to the Second Inter-
national Conference.on the Peaceful Uses of Atomic En-
ergy [12].Prolonged operational experience in produc-
tion based on this method has completely confirmedall
of the design data, with no complications of any kind
hindering the successful carrying out of the process. Thus,
the USSR was the first to achieve the transition, on an
industrial scale, from the region of temperatures of
around 80°K, widely used forseparating air, to the region

'TABLE 3. Comparative Data on Several Industrial-Scale Methods Used in the Production of Heavy Water

618

Hvd _ Fractional Hydrogen sulfide
Fractional ydrogen—water ‘Fractiona method combina-
Parameter distillation isotope exchange distillation tion with fractional
: - in combination of liquid distillation and
of water i i electrolysis of
with electrolysis hydrogen water.
input of electric power (kw-hr) | 178 tons ofsteam > 65 tons steam plus’
orsteam (tons) per 1 kg D,O | (lower isotherm) | 70,000 kw-hr 4-5000 kw-hr ~ 400 kw-hr
Plant costs based on capacity of ' : » :
1 kg D,Operyear, $thousands 1100 400 300-350 360
Operating unit costof 1 kg D,O
capital expenses not mclud ed) v
dollars 340 132 35 30
Equilibrium settling time 4-5 mos, 15-18 mos. 20-50mos. --
Degree of separation of DyO, % 3,1 43 90-95 <18
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of 20°K, for the separation of hydrogen isotopes.

In late 1958, the Hochst and Linde firms started up

(in Frankfurt am Main, Germany) a pilot plant for the
“prodiction of deuterium by the low-temperature distil-"
lation method from gases by-produced at a nitrogen
fertilizer works [16]. This plant is designed for a capa-
city of 6 tons of D,O annually, with a future scale-upto
10 tons proposed. The L'Aire Liquide Corporation
(Toulouse, France) is also inaugurating a pilot plant
with a capacity of 4000 cubic meters per hour of gasas
feed to synthetic-ammonia plants [17].

In several cases, the simultaneous exploitation of
various enrichment processes, may prove to be econom-
ical in the production of heavy water. For example,
the USA's largest heavy-water plant, at Sévannah River,
usés three methods [7]: 1) the dual-temperature hydro-
gen sulfide process for producing 15% D,0; 2) vacuum
distillation of water to produce 90% DyO; .3) electrolysis
to obtain 99.75% reactor-grade DgO.

In India, a plant based on an electrolytic process-
ing facility [18], where hydrogen samples with deuteri-
um content three times that found in nature will be
produced, has been proposed, and the hydrogen so ob-
tained will be processed further through the low-temp-
erature distillation method to extract the remaining
deuteriumm. "According .to calculations, the cost per
kg of heavy water will not exceed 60 dollars.

Comparative-data on several industrial methods in
heavy-water production are entered .in Table 3 above
2, 71

To sum up, fairly rehable and economical methods
have been worked out on an industrial scale for the pro-
duction of heavy water at the present time. The most
sophisticated of those methods are agreed upon as the
low-temperatur'e fractional-distillation method and'the
dual-temperature hydrogen-sulfide-exchange process.
There is every justification for the assumption that, with
future improvements in existing processes and the elab-

oration of new ones, unit costs of heavy water can be
reduced and the economic performance of nuclear pow-
er reactors using heavy watef can be improved at the
same time. :
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SORPTION METHODS OF SEPARATING BARIUM AND RADIUM
ALUMINUM AND GALLUM, AND ZIRCONIUM AND HAFNIUM
B. N. Laskorin, V. S. Ul'yanov, R. A. Sv1r1dova

A. M. Arzhatkin, and A. I. Yuzhin

Translated from Atomnaya Energlya Vol, 1, No, 2, pp. 110-116,

August, 1959
Original article submitted November 25, 1958

Chromatographic methods of separating elements with very similar properties have now been developed. - How-
ever, a number of these methods are difficult to use industrially as their throughput is low. The efficiency of
chromatographic separation methods could be increased considerably by using appropriate complex formers,
which decrease the effective concentration of the ions being separated, and,in the first approximation, this is’
equivalent to a decrease in the amount of elements being separated. The difference in the formation constants

of the complex compounds increases the separation coefficient.

By investigating chromatographic separation with

the use of various complex formers, we found the optimal conditions for separating barium and radium, zirconium
and hafnium, and aluminum and galllum The throughput of these methods, w1th respect to the macroelemerit

was 15-60 kg/ hr per m2 of column cross section.

Scparation of Barium ‘and Radium

Barium and radium have been separated chromato-
graphically [1]. An ammonium citrate solution was
used as eluant. The investigations were carried out with
milligram amounts of substance of Dowex-50 cationite.
It was shown that it is possible in principle to separate
barium and radium, though insufficient grounds were
given for the selection of the conditions and separation
method. ‘

We investigated the statics and dynamics of the
separation of barium and radium, using various complex
formers, to find the optimal conditions for their chro-
matographic separation.

The main value characterizing the sorption of an ion by
a cationite or anionite is the distribution coefficient K4, The
ratio of the distribution coefficients of two ions glves the sep-
aration coefficient Kg.

Table 1 gives the values of the distribution and the
separation coefficients of barium and radium on various
ion-exchange resins.

Sulfonate cationites with the greatest percent of
cross-linkage, have the maximum distribution and sep-
aration coefficients. The data obtained agreed qualita-
tively with the results given in [2—4].

For the separation it is advantageous to have the
maximum value of Kg. However, with an increase in
the percent of cross-linking, the diffusion coefficient of
the ion within the ion-exchanger falls, and as a result
the desorption band is not sharp, and the separation de-
teriorates. An increase in K is also possible by using
complex formers. It is known, that the stability of com-
plex compounds decreases in the series calcium-radiuim,
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TABLE 1. Values of K4 and K; of Barium® and Radium
for Various Resins in a Hydrochloric Acid Solution
| Ee s
i i = — et 'S 173
Cationite 03, g Q’E b’fﬁ Y
w
Dowex 50 x 10.,....| 2,22 | 23,8} 36,0 11,51}
Dowex.50 x 8...,...12,38116,2| 22,9 (1,41}
Calcite ., ........ [2,48] 22,6 34,5} 1,47
KU-2x8 ........12,32]|16,2]22,9|1,41}
KU-2X5........ 1318|105 | 14,6 1.39 |
Esj)atite-l s e e s e s s 2’38 310 4:06 7‘55
SBS-R. v o v nenne 2,45 2,37 3,200 1,35 |
« s e s 0 a4 e e - 0120 0,30 —_ g
KMT X 5. e s 48 60 0w - 1719 2214 1735
* The barium concentration in the solution was 4
0.03 M,

while radium is retained most strongly by a cationite.
when a complex former is used, the separation coeffi-
cient is determined in the first approximation by the
expression

Kcomp K, without comp (Kform/ form)'

Table 2 gives the logarithms of the formation con-
stants of some complex compounds of alkali earth ele-
ments. The most suitable of all the acids were citric,
nitrilotriacetic (NTA), and ethylenediaminatetraacetic
(EDTA) acids. :
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'TABLE 2. Formation Constants of Complex Compounds
of Alkali Earth Elements

Logarithms of formation
constants
Acid
Ca Sr Ba Ra
CitriC. . v v v un o= - a2
Malonic . . a0 v a0 . — - 1,36 | 0,95
Tartaric . . ....... | 1,8 [ 1,65 | 1,62 1,24
Acetic, v v v v v e nn 1,001 0,971 0,93 | —
Malic....... ... | 2.66 0 — | 219 —
Polyphosphoric . ... |[3,00]2,8 3,0 | —
Iminodiacetic. . . . . 3,41 13,4 | 1,67 —
Uramil-N, N-diacetic | 877 | 7,6 | 6,8 —
Ethylenediamine- _ -
tetraacetic, . . . .. |10,59 | 8,63 | 7,76 | —
Propylencdiamine-
tetraacetic, + + .+ » 7'}2 ?“}3 4'54 -
Nitrilotriacetic, . . . . | 841 4,04 | 4,82 —
1,2-diaminocyclo- 12.5 ]
hexanetetraacetic . |'“*Y | T -

The use of hydrochloric acid as eluant. Figure 1
shows the relation of the distribution coefficients of
alkali earth elemients to hydrochloric acid concentration
for a KU-2 cationite. The working range of acid con-
centrations was limited to 0-4 M solutions. With an in-
crease in concentrations to 7 M, the separation coeffi-

- cient fell to 0 and then barium sofption was mainly ob-
served. In this concentration range, bariim and radium
could not be eluted with small volumes of hydrochloric
acid as the distribution coefficients were above 25.

The following optimal conditions were found from
the experiments on the separation of barium and radium
with hydrochloric acid: KU-2 cationite with 8% cross-
linking, grain size of 100-200 mesh, temperature 90°,
a gradually increasing acid coricentration from 0.5 to
5.0 M at the end of the experiment,and an elution rate
of 2 cm/ min. The barium and radium were sorbed in
the upper section of the column. The height of the
cationite layer saturated with barium was 10% of the
total height of the sorbent layer. The resuits of the
separation under these conditions are shown in Fig. 2.

Elution with ammonium citrate solutions. Prelim-
inary experiments were first carried out using citric acid
as complex former to obtain the maximum separation
coefficient. The relation of the distribution and separ-
ation coefficient to the pH of a 5% ammonium citrate
solution was investigated for 0.03 M solutions of barium
on a KU-2 cationite. Table 3, gives the results of these

investigations. The optimal value for the pH was in the
range 7-9 in which all the acidhydrogenwas neutralized.
Table 4 gives the distribution and separation coef-
ficients for various types of cationite in the optimal pH
range. The experimental values of the separation co-
efficients were somewhat lower than expected from the

data on the stability constants of the complex compounds.
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Fig. 1. Relation of distribution co-
efficients of alkali earth elements
_ to hydrochloric acid concentration.

Investigations of the relation of the distribution co-
efficierits to the ion concentration in the solution showed
that in the concentration range from 0.001 to 0.1 M, Ky
depended little on concentration. In this connection it
was interesting to check the applicability of the "plate
theory" [6] to the separation of barium and radium.

Figure 3 shows theoretical and experimental data
on the elution of barium and radium from a column
7 cm in height and filled with KU-2 cationite with a
grain size of 100-200 mesh.

A 5% ammonium citrate solution with pH = 7.6 was
used for desorption. The position of the maxima on the
curve and the course of the elution agree wetl with the
theoretical curve (continuous line). The height of the
= theoretical plate® under these conditions was 0.54 mm.

The use of ammonium citrate solutions for elution
made it possible to separate barium and radium com-
pletely on 50 cm columns with barium saturating the
upper 10 cm of layer. The solutions used for the elu-
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Fig. 2. Barium and radium separation with hydrochloric
acid clution.
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TABLE 3. Relation of Kq and Kg to pH of a Citric Acid
Solution

pH Kd Barium Xy Radium . Ks
5,4 16,6 28,6 1,72
6,5 6,2 12,4 2,00
7,6 6,1 12,8 2,11
9,4 58 11,9 2,05

Ba, g/ liter = Ra, counts/mir

Il

g _! Theoretical

o 4&@@ fa curve
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Fig. 3. Theoretical and experimental data on the
elution of barium and radium.

tion had an increasing concentration of ammonium
citrate (from 0 to 5%).

" In further experiments, the usual procedure of
chromatographic separation was changed somewhat.
Barium and radium were sorbed not from chlorides, but
from a 5% ammonium citrate solution with a molar ratio
of barium to citrate anion of 1:1. This procedure made
it possible to dispense with elution with solutions of
varying concentrations and decrease the volumes.

In this case, the optimal separation conditions were
KU-2 cationite with a grain size of 100-200 mesh, 20%
of the height of the sorbent layer spent, elution rate
2 cm/ min,and 5% ammonium citrate with pH=8.0 used
as the regenerating solution, .

The results of separating barium and radium under
these conditions are shown in Fig. 4. '

Use of ethylenediaminetetraacetic acid. Among
the practically ac_cessible complex formers, EDTAforms
complexes of alkali earth elements with the greatest
difference in stability constants. The relation of the
distribution and separation coefficients to the pH of a
4% EDT A solution for a KU-2 cationiteis givenin Table 5.

The maximum separation coefficient was obtained
at pH = 6.2; with an increase in the pH of the solution,
the distribution cocfficient fell sharpty. '
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TABLE 4.° Kq and Kg Values of Barium and Radium for
Citric Acid

001 15"

Cationite B"gi;m Ra%i;xm K
Dowex 50 X 10, ...| 6.3 16,0 | 2,54
Dowex 50 X 8 ..., 6,15 13,5 2,20
KU-2x8 ...... | 608 12,8 2,11
Espatite-1. ... ... ‘11738 1;51; 3,5(1)
SBS_R....-.--.- ’ & )'r]
! N 4,6 1,44
Ba, g/liter Ra, g/ ml
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Fig. 4. Barium and radium separation with ammonium
citrate. ' ‘

From the data obtained, we calculated the forma-
tion constant of the radium—EDTA complex and its lo-

" garithm was found to be 7.2.

Different results were obtained in the separation of
radiochemical amounts of radium and barium. An in-
crease in the amount of barium lead to a change in pH
along the axis of the column during elution. Due to the
strong dependence of the distribution coefficients on
pH, there was no separation. In order to avoid a change
in pH along the front of the elution curve, the column
was first completely saturated with barium not contain-
ing radium, and a solution of a complex of barium and
radium with EDTA, with the optimal pH value was fil-
tered through the column. Due to the lower stability of
its complex compouud, the radium was completely ad-
sorbed by the resin under these conditions, while the
eluant contained only barium. In this type of experi-
ment, barium plays the part of the “retaining ion".

The technological scheme for separating barium
from radium, using EDTA solutions, consists of the fol-
lowing: the starting solution, with pH = 6.5, containing
20 g/ liter of barium (the radium content depended on
the initial raw material and varied over a wide range,
but was generally a factor of tens of thousands less than
barium) and 40 g/ liter of EDTA was filtered successive-
ly through a series of columns filled with KU -2 cationite-
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TABLE 5. Kd and K; Values of Barium and Radium for
a KU-2 Cationite m Relation to the pHof EDTA Solutions

‘pH Barium Ky Radium Kd Ks
5,00 48,6 90,0 1,85
5,25 — —

5,50 24,7 72,4 2 ,93
5,75 17,6 56,7 3,22
6,00 8,40 42,0 5,00
6,25 4,55 23,1 5 08
6,50 2,90 14,6 5, 105
‘7,00 0,5 2,08 b3

with a grain size of 100-200 mesh. The solution volume
equaled 13-14 column volumes and the filtration rate
was 3-4. cm/ min. Regeneration was then carried out
with an EDTA solution with pH= 10. The last fractions
of the regeneration solution contained 99% of the initial
amount of radium. The EDTA was precipitated from the
‘regeneration solutions with hydrochloric acid and re-
turned to the process. Two concentrations stages gave a
radium enrichment of 5000-6000 times, Separation of ra-
diam from. 100 kg of barium, required columns with a
total sorbent volume of 0.5 m3,  The solution volume
was 8. m®, The throughput of this method equals that of
contemporary technological methods, and was 50 kg/ hr
per m? of column cross section,

0.01 kg of EDTA, 1.5 kg of sodium hydroxide and
1.2 kg of hydrochloric acid were consumed per kg of
barium separated.

Separation of Zirconium and Hafnium

Efficient industrial methods of obtaining zirconium
free from hafnium are a pressing problem due to the
creasing use of zirconium as a construction material in
atomic technology. Numerous methods of separating
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Fig. 5. Relation of distribution coefficients
of zirconium and hafnium to the fluorine ion
concentration for a solution containing 0.66M
sulfuric acid,

zirconium and hafnium have been described in the li-
terature. In [6] and [7] hafnium was separated from
zirconium on anion-exchange resins in mixtures of the
acids HF and HC1, In [B], zirconium and hafnium were
separated by eluting mixtures of these elements from
sulfonate cationite with hydrochioric acid. There are a
number of other papers which are of less interest. In
(9] there is a review of separation methods and their
throughput is evaluated. The authors evaluated the »
throughput of an ion-exchange method based on data
given in [10]as 0.5 kg/ hr per m? of column cross section.
The throughputs of dlSU.llatloﬂ and extraction methods
were 30 and 100 kg/ hr per m? of apparatus Cross sec-
tion,respectively. '

As a result of investigating the separation of zirco-

nium and hafnium on cation-exchange resins with a

mixture of sulfuric and hydrofluoric acids, we developed
a scheme for separating zirconium and hafnium chroma-
tographically that would be applicable industrially.

We used KU-2 sulfonate cationite with a low per-
centage of cross-inking. The relation of the distribution
coefficients of zirconium and hafnium to the concentra-
tions of zirconium and hydrofluéric and sulfuric acids
was investigated (Figs. 5 and 6).

The separation coefficient for zirconium and hafnium-
in a suitable range of K4 values varied from1-5, Quite
efficient chromatographic separation was possible at a
K, value of 5. Further experiments were carried out
under dynamic conditions.

Chromatography on a stationary ionite layer gave
the following optimal conditions, which take into ac-
count kinetic factors: 20-30 g/liter of zirconium (cal-
culated on zirconium dioxide), 0.65-0.75 M of sulfuric
acid and a molar ratio of fluorine to zirconium of 0.7-
1.0, 10% by weight of the resin in the column spent,
KU-2 cationite with a grain size of 60-100 mesh, a sorbent
layer heightof 2-2.5 mand asolution filtration rate of
1.5-2 cm/min.
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Fig. 6. The effect of sulfuric acid concentra-~
tion on the distribution coefficients of zircon-
ium and hafnium.
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The starting solution whose composition is given
above was filtered through a cationite layer. The haf-
. nium was completely adsorbed by the cationite while
the zirconium remained in the solution. When the co-
lumn had been saturated with hafnium, the columnwas
regeneréted with 0.65 M sulfuric acid. Zirconium hy-
droxide was precipitated from the eluted fraction which
contained less than 0.01-0.08% of hafnium in relation
to zirconium. The intermediate fraction which contalned
some zirconium contaminated with hafnium was re-
covered and added to the starting solution. The hafnium
fraction was filtered through a layer of RF phosphate
cation-exchange resin. The hafnium was completely
adsorbed by the sorbent, while the solution was recovered
and used as a regenerating substance in the starting cycle.
Ammonium oxalate was used to remove the hafnium
_from the phosphate resin. Hafniumhydroxide was pre-
cipitated from the regeneration solution with ammonia.
This operation made it possible to increase the hafnium
concentration by a factor of 30 in one operation and to
“ return part of the solutions to the process. Hafnium coa-
centrates with 99% purity were obtained.

The scheme described above had a throughput of
15-20 kg/ hr per m? of the column cross section. To
separate one kg of hafnium-free wirconium using metal
hydroxides prepared from fluozirconates as starting ma-
terial required 5 kg of sulfuric acid, 5 kg of ammonia,
and 0.2 kg of 40% hydrofluoric acid. This method gave
100 kg of hafnium-free zirconium as well as pure haf-
nium preparations.

Isolation of Gallium from- an Anode Melt

The main difficulty in the technical isolation of
gallium from an anode melt is the separation of gallium
from aluminum. Technical solutions contain hundreds
of times more aluminum than galliurh. The known
methods of isolating gallilim are quite complicated and
therefore, the development of a method for separating
it chromatographically seemed promising.

An efficient separation of small amounts of gallium
from large amounts of aluminum and a series of other

Ga
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AN-2F anionife

5 /|

N

4 /)
3 /

X|
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/

N,
7
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1g of distribution coefficient

2 4 6 . 2
HC] concentration, g *+ mole/ liter

Fig. 7. Relation of the dxstnbunon coefflcxcnt
of gallium to hydrochloric acid concentration,
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"TABLE 6. Punflcanon of Galhum by Ion- Exchange
Separanon

Conc. in | Conc, inre-

’ starting sol-| generation
Element ution, solution,
g/ liter g/ liter
Aluminum. . . .. ... 23 0,00
Gallium, . ........ 0,3 2,64
Copper. . . . . . .. 0,025 0,00
Iron. . oo v v v aenn 7,4 0.12
Manganese, . .. ... 0,014 O»,OO

elements required conditions under which gallium would
be adsorbed by a sorbent, while the aluminum and other
impurities remained in the solution. Cation-exchange
resins do not fulfill this requirement, although aluminum
and gallium may be separated on cationites,

We investigated the sorption of gallium and alumi-
num by . anion-exchange résins in various media.” The
maximum distribution coefficients were obtained in hy-
drochloric acid solutions, Aluminum was hardly ad-
sorbed from hydrochloric acid solutions. Figure 7 shows
a graph of the relation of the.distribution coefficient of
gallium to hydrochloric acid concentration in the outer
solution. Due to the high value of the distribution co-
efficient gallium may be separated from aluminum by
filtration of the solution through an anionite at a defi-
nite acidity.

We developed a technological scheme for separat-
ing gallium from an anode melt on the basis of the ex-
perimental results described. :

The starting material, which was an anode melt .
pulverized to 0.3 min, was dissolved inhydrochloric acid.
The copper in the solution obtained was cemented with
aluminum or iron filings; the iron was simultaneously
reduced to the divalent state. The solution was acidi-
fied to 3.7 M and filtered through a sorbent layer. The
anionite was washed with 5 M hydrochloric acid. Gal-
lium was desorbed with 0.5 M hydrochloric acid. The
solution was neutralized with alkali and the gallate
electrdlyzed to obtain metallic gallium,

Table 6 gives the composition of a starting solu-
tion and regeneration solution after ion-exchange separ-
ation of impurities. '

' The throughput of the apparatus was 50 kg/hr of

aluminum per m? of the column cross section.
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HYDROGEN CONDENSATION PUMP WITH BUILT-IN LIQUEFIER
E. S. Borovik, B. G. Lazarev, and I. F. Mikhailov
Translated from Atomnaya énergiya, V‘Volv. 7, No, 2, pp. 117-121,

August, 1959
Original article submitted November 13, 1959

A hydrogen pump with a capacity of 3.7° 10* liters/ sec and a built-in liquefier is described. The pump produces
a limiting vacuum of the order of 10°%-10"° mm Hg. The total required power (including the power used in
obtaining the liquid hydrogen) is 17 kw, which is less than the power required for an oil-diffusion pump of the

same capacity.

At the temperature of boiling hydrogen (20.4°K) the
vapor pressure of most materials is extremely low, so that
a surface which is cooled to this temperature will, even
in a rough vacuum (p =10"* mm Hg) condense almost
all molecules which strike it. The refrigerated surface
is the basic element of the hydrogen condensation pump
[L}. At high pumping rates (each square centimeter of
the refrigerated surface provides an air pumping rate of
approximately 11 liters/sec) the pump produces a good
limiting vacuum, approximately 107%-10"? mm Hg,

In the design described in [1], the cooling is accom-
plished by filling the condensation element with liquid
hydrogen. Although this design is simple, it has a num-
ber of disadvantages: it can be used only when a source
of liquid hydrogen is available and the cooling effect of
the hydrogen vapor is not used; the use of this refriger-
ating effect would make it possible to improve the re-
frigerating efficiency of the cooling apparatus by a large
factor. .

These disadvantages can be avoided if the hydrogen
is cooled directly in the pump. Below, we describe a
design in which this feature is used and report on experi-
mental results.

It is not useful to use a liquefier on a pump of low
capacity; for this reason the design is applied to a pump
with nominal capacity of 40 1073 liters/sec. A diagram
of the pump is shown in Fig, 1.

The basic operating ¢lement of the pump is a thin-
walled (2 mm) copper chamber 1, which is filled with

" liquid hydrogen. When the liquid hydrogen is at the bot- -

tom of the tank, the temperature at the upper portions
of the walls does not differ from the temperature of li-
quid hydrogen by more than 0.1° K. v

with an outer surface area for the tank of approxi-
mately 5000 cm? the theoretical pumping rate is approxi-
mately 55,000 liters/sec. This pumping rate is reduced
somewhat, because of the input resistance. The cham-
ber 1 is located in an iron tank 2 of diameter 900 mm in
which there is a cylindrical shield 5 made from sheet
copper 1.5 mm thick, which is cooled by nitrogen. The
rear part of the shield 5 is covered by another shield 7,
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Fig. 1. Diagram of the hydrogen condensation
pump.

which is cooled by nitrogen. The nitrogen used for cool-
ing the shields 5 and 7 is stored in the dewars 4.

The liquid hydrogen is obtained in the liquefier 6
by throttling the cooled compressed hydrogen through
valve 8.

In order to reduce the thermal losses, the outer sur-
faces of the tank 1 and the shields 5 and 7 are polished.
The shields 5 and 7 serve two purposes: on the onehand,
they partially shield tank 1 against thermal radiation
and reduce the consumption of liquid hydrogen; on the
other, they condense the water vapors and certain other
adsorbed gases which evolve from the walls of the reser-
voir. It has been shown in [I and 2] that the chief ob-
stacle to obtaining a good vacuum is the gas which is
desorbed by the walls; hence, it is desirable, in the hy-
drogen condensation pump,to have large surfaces which
are cooled to the temperature of liquid nitrogen.
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In order to evacuate the noncondensable gases
(He,Ne, Hyp), the pump is furnished with an M-2500 dif -
fusion pump 12. In order to prevent the entrance of oil
vapors and products of the oil decomposition into the
compression spaée, there is a venetian-blind baffle
(water cooled) 3, a venetian-blind trap 10 (cooled by
liquid air), and venetial-blind baffles which overiapthe
aperture in the shield 7. The diffusion pump 12 is iso-
lated from the apparatus by the valve 11. A gasketless
valve 9 is provided in order Lo prevent contaminationof
the apparatus in time periods when the trap 10 is al-

" lowed to warm up. '

‘ Figure 2 shows a section of a liquefier. The hydro-
gen which is compressed by the compressor, enters in
tiibe 4 (3 x ‘4 mm); after cooling in the heat exchangers
it is throttled in valve 3 and partially liquefied. The li-
quid hydrogen enters the tank 1. The nonliquefied gas
and the hydrogen which evaporates from the tank 1 are
returned to the compressor input through tube 4(8 X 10 mm);
in passing through the heat exchangers, this hydrogen
serves to cool the incoming high-pressure hydrogen.

The incoming high-pressure hydrogen is cooled in
‘tank 2 by liquid nitrogen, which boils at reduced pres-
sure at a temperature of 64°K, The evaporating nitrogen
is exhausted through tube 6 and is used for cooling the
high- pressute hydrogen.

The upper heat exchanger consists of 13 coils
, (tubés 4, 5,and 6) which are soldered to provide good
thermal contact; tube 6 in the heat 'exchanger is flat-
tened in such a way that its small diameter is 14 mm,
while the large diameter is 25.4 mm. The coils in the
‘upper heat exchanger are located outside the nitrogen

tank 2, ‘but do not touch it. After cooling in the upper
heat exchanger, the high-pressure hydrogen is cooled
‘to a temperature of 64°K in the 4-5 coils of the spiral
.of tube 4 of length 2 m, which is soldered to the out31de
of the nitrogen tank.

In the next stage, the high-pressure hydrogen is
cooled in the lower heat exchanger, which consists of
tubes 4 and 5 (5.5'm in ength) which are soldered to-
gether; the hydrogen is then throttled, Theheatexchangers
are in vacuum. In order to reduce the radiation losses
the upper heat -exchanger is covered by shield 7, which
is made from aluminum foil, while the lower heat ex-
changer is covered by shield 8, which is made from pol-
ished copper. Shield 8 is soldered to the nitrogen tank
2. The nitrogen tank 2 is suspended from the upper
flange of the liquefier on tube 9, which is made of
German silver; the lower part of the nitrogen tank car-
ries the hydrogen tank 1, which is suspended on tube 10
and is 4lso made of German silver. Tube 11 serves
for pouring the liquid nitrogen, while tubes 12 and 13
serve for measurements of the level of the liquid in
tanks 1 and 2, _

" The liquefier is designed to operate with a compres-
vvser with a capacity of 10»m3/hr,but has adequate heat-

exchanging surfaces to be able to operdte with a com-

T ar et
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Fig. 2. Section of the hydro-
gen liquefier.

pressor witha capacity of 17 m®/ hr, with which all tests

were carried out. .

The pump has been tested in evacuating an iron
tank with a volume of approximately 1.5 m®, which is
connected to it as a reservoir. The tank is an element
of an apparatus designed for melting metals and has in-
ner strengthening ribs, a large number of flanges- with
rubber gaskets, and a number of other elements which
impede evacuation. This is the reason for the relatively
low limiting vacuum (5-10"® mm Hg) obtained in tests
of the pump.

In Fig. 3 is shown a part of the curve which gives
the time dependence of the pressure in the reservoir.
The arrow indicates the time at which the liquefier is
switched on. Before it is switched on,the apparatus is

. processed continuously for 14 hr with the nitrogen-cooled

shield.” This processing period is necessary because of
the elements in the reservoir indicated above. The be-.
ginning of liquefaction is denoted on the curve by the
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- Fig. 3. Dependence of pressure in the
reservoir on time. The arrow denotes
the time at which the liquefier is
switched on.

sharp drop in pressure. The hydrogen starts to fill upthe
tank two hours after the liquefier is set into operation.
Three hours after the operationstarts, a pressure of 5+ 1078
mm Hg is achieved.
The measurements of the pumping rate of the pump
" were carried out in the pressure range 10"-10"*mm Hg.
- The pumping rate for air is W = 37 10° liters/ sec and
is independent of pressure. This result is in agreement
with the results of measurements in [L]. .
' The pumping rate of the diffusion pump 12 (cf. Fig.
1) for noncondensable components was determined with

hydrogen. The pumping rate for hydrogen inthe pressure .

range 10 °-10"' mm Hg is Wy, ~ 1000 liters/ sec. The
evaporation rate of hydrogen in the first hours of opera-
~ tion of the pump (in the time periods during which the

~ surface of the hydrogen tank is still clean) is approxi-
mately 0.4 liters/ hr of liquid. It has been shown earlier
[L] thatin a vacuum of the order of 5-10 % mm Hg,
during the course of several days, the consumption of
hydrogen remains essentially unchanged.

In order to investigate the possibility of operating
the hydrogen pump under conditions of strong outgassing
and contamination of the condensation surface, wehave
investigated the dependence of hydrogen consumption
on the evacuation time of the reservoir in anexperiment
in which a powerful apparatus for vacuum distillationof
metals was operated. In order to provide shielding from
the direct radiation of the ihcandesc_em parts of the ap-
paratus, venetian-blind baffles were placed between the

pump and the reservoir. The baffles reduce the pumping -

rate to 17- 10 liters/ sec. During the evaporation of the
metal (iron), the pressure usually is maintained at a
level of 1-1.5°10™® mm Hg. The dependence of hydro-
gen consumption on time isshown in Fig. 4,

It should be noted that each time the apparatus
is started up (after being operated and allowed to come
to room temperature),the hydrogen consumption i$ in-
creased because of the accumulation on the condensation
element of a residue of evaporated metal, material from
the crucible, etc. Hence, after operation of the appara-
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Fig. 4. Curve showing the dependence of hydrogen
consumption on timne under conditions of strong out-
gassing. The operating pressure is 1.4-1.2- 10" mm Hg.

tus for a month, it is necessary to clean the condensation
surface, an operation which requires 1-1.5 hr. The
maximum consumption of liquid hydrogen at the endof
the operation period is never greater than 2 liters/ hr.
In Fig, 5. is shown the dependence of the liquefier
capacity with a combressor having a capacity of 17
msé/hr on pressure. . The tests were carried out under
conditions in which the evaporation of liquid hydrogen.

in tank 1 (cf. Fig. 1) due to the flow of heat was ap-

proximately 1.5 liters/hr. The consumption of liquid
hydrogén tends to increase the cooling capacity of the
apparatus for the following reason: with a small heht
load on the condensation element (low hydrogen evap-
oration) almost all of the hydrogen which is liquefied
after throttling remains in the collector. ‘When the heat
load is increased, there is an increase in the amount of
evaporating hydrogen and this improves the cooling of

the high-pressure hydrogen and increases the 'liqu_efac_-

tion factor. .

A calculation for an ideal liquefier shows that the
liquefaction factor is several times larger for total
evaporation of the liquefied hydrogen. In particular,
at a pressure of 60 atmos.the liquefaction factor and
consequently, the cooling capacity of the apparatus, .
should increase by a factor of 2.2 as compared with the
cooling capacity with no evaporation.

Q, literg/hr

TSN AT WO NS N SN SRS SO T
7 20 40 60 80 100 120
. P, atmos

Fig. 5. Curve showing the dependence of liquefier
. capacity on pressure,
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Fig. 6. Dependenceof liquefier capacity onheatload W:
1) rate of accumulation of liquid hydrogen. in the col-

lector; 2) total amount of liquefied hydrogen. (cooling
capacity of the system)..

: The dependence of cooling capacity of the liquefier
on the heat load, i.e:, on the.amount of hydrogen evap-
orated from the tank 1 (cf. Fig. I), is shown in Fig. 6.
(for a pressure of 60 atmos), Curve 1 delineates the rate
of acchumul ation- of liquid hydrogen in the collector as
a function of the heat load, i.e., the difference between
the amounts of liquefied and evaporated hydrogen.
Negative values on this curve mean - that the amountof
evaporated hydrogen is greater than the amount of lique-
fied hydrogen. Operation in. this mode is possible be-
cause of ‘the excess liquid hydrogen accumulated in the
collector. Curve 2 represents. the.total amount of hy-
drogen liquefied after throttling. It is given as the sum
“of the amount. of hydrogen accumulated in the collector
and the hydrogen evaporated from it. The latterquantity

~ is found by the heat of evaporation of liquid hydrogen as

the heat load. Curve 2 characterizes the cooling capac-

ity of the liquefier.

The portion of the curve which is of practical sig-
nificance is that part corresponding to a heat load less
than 15 w, at whichliquidhydrogen does not accumulate
in the eollector. Thus, the maximum capacity of the
liquefier at a pressure of 60 atmos is approximately 4
liters of liquid hydrogen per hour; converted to opera-
tion with a compressor with a capacity of 10 m®/hr, this
is 2.5 liters of liquid per hour. The maximum evapora-

- _tion in the system, as, indicated above, is 2liters/ hr.
- Consequently, a compressor with:a capacity of 10 m3hr

at a pressure of 60 atmos is adequate forthe system. A
unit which meets these specifications is the KVD air
compresser , which is as small as the VN-1 forepump;

'with some minor modification, this unit can be used for
compressing hydrogen. '

CONCLUSION

. -The total power of all the units in the pump de-
scribed here (with a capacity of 3.7- 104 liters/ sec) and
the electrical power required for liquefying the nitrogen
for operating the liquefier is approximately 13 kw; if

. the nitrogen used for cooling the shi¢ld is considered,
_this figure is 17 kw. This power issmaller than the power

required by an oil diffusion pump of thesame capacity.

- A shortcoming of the condensation pump is that
constant observation of the operation of the liquefier and
compressor,is required.

In conclusion, the authors wish to thank B. P. Batra-
kov and V. 1. Sharonov for help in these measurements.
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THE PROBLEM OF STABILITY OF NUCLEAR POWER PLANTS
A. S. Kochenov

Translated from Atomnaya Energlya Vol:7; No.2, pp. 122-128,
August, 1959
Original article submitted September 3, 1958

~ This article presents an investigation of the stability of nuclear power plants. consisting of an aqueous reactor
with a negative temperature coefficient of reactivity, a steam gen'erator producing saturated steam, and a tur-

“bine. 1t is assumed that the system has only two regulators: a throttling regulator before the turbine and areg-
ulator for maintaining a constant water level in the steam generator.

One-group kinetics equations are used and a single group of delayed neutrons is considered. The investigation
was performed for small excitation parameters. Nonlinear equations are.linearized. Conclusions with respect
to plant stability are given.

Let us consider the stability of a nuclear power we shall consider that the time of the water passége
plant, the schematic diagram of which is shown inFig.1. ~ through the reactor and thesteam generator is equal to zero.
The power source is an aqueous reactor 1 which has a E The behavior of the reactor in time is descnbedby
negative temperature coefficient of reactivity. It is as- the followmg equations:
sumed that the effective neutron multiplication factor . : :
is a linear function of the average temperature of water dn_k—1 — kpin + Z hec ]
in the reactor. Changes inthermal resistance in thesteam dr L ! : o
generator, ca'used by transient processes, mainly depend . 'dcl : \ kBin '
on variations of the heat-exchange coefficient in boil- dv ici T
ing. However, since the thermal resistance connected ' N = Cl‘pl(t _ tin)’ ' SR ¢
with boiling is small, it is assumed that the heat-ex- _ z1n_|_ lout ~in gy out
change coefficient per unit lengthofasinglesteatn-gen- k1= —ot—pt—,
erator tube is constant. N = Nyn :

where n is the total number of neutrons in the reactor,
cj is the over-all number of type-i fragments emitting
delayed-neutrons, \; is the decay constant of type-i
fragments, 8; is the portion of type-i fragments, lis
the lifetime of prompt neutrons, k is the effective neu-
tron multiplication factor, o is the temperature coeffi-
cient of reactivity, N is the power level reactor, Gy is
the water consumption in the first loop, p is the spe-
cific heat of water in the first loop, 1" is the water
temperature at the reactor inlet, and tPUt is the water
temperature at the reactor outlet. (The index Oindicates
that a given quantity pertains to the initial moment.)

In the system (1) the first two equations describe
the change in the number of neutrons in the reactor f1;

8

Fig. 1. Schematic diagram of the plant. 1) Reactor;
2) steam generator; 3) throttle; 4) turbine; 5) con-
denser; 6) second loop pump; 7) valve; 8) _fitst loop

pusp. the third equation relates the reactor power to water
. consumption and its heating; the fourth equation de-
Saturated vapor enters turbine 4 with throttling fines the dependence of the effective neutron multipli-
regulator 3 (the turbine power is determined only by cation factor on the average temperature of water in
the electric load). A valve 7 is provided for maintain- the reactor; the fifth equation relates the number of
ing a constant water level in the steam generator. neutrons-to the reactor power level, where the number
In the derivation of equations describing the time of neutrons at the initial moment is normalized tounity,
relations in the reactor and steam-generator operation, i.e., n(0)=1
630
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Let us consider a single group of delayed neutrons.
In this case, the reactor equations will assume the fol-
lowing form: :

dn__ k—1 :/r{’,n

P Al AL o . )
=TT oRNe '
de k3n
rraial S |
N = G N (/out Ii“), , e (2)
1n out in out
A 1 -t
k—1=a~ 4 —~a"—{2f ,
N=Ngn. o

The steam ,generator operation is described by
~the equations

G, m(l out)_ ]I
____(*pzd—}—G( ') ‘r;(3)
out —(zin_ "ELI_J‘: o

where t is the temperature of water in the first loop

58

at the steam- generator mlet toé“ is the temperature of

water in the First 1oop at the steam- generator outlet,ty is
the temperature of water in the second. loop in the steam
. generator, g is the steam-generator weight, cps is thespe-
cific heat of the steam generator (water and metal), G,
is the water consumption in the second toop, i"
enthalpy of saturated steam, ic,, is the enthalpy of water
supplied from the condenser, K; is the heat-exchange
coefficient per unit length of a single steam-generator
tube, and L is the total length of piping in the steam
generator,

The first steam- generator equation characterizes
the heat balance between the first and the second loops;
the second equation expresses the dependence of water
temperature in the first loop at the steain-generator
inlet and outlet on the water temperature in the second
loop.

is the

The wrbine power is related to steam parameters
by the expression ' '

Np= 3600 gggfm , @
where Hy is the available adiabatic heat drop, and 7
is the turbine efficiency.

The available adiabatic heat drop depends on the
saturated steam enthalpy i, the steam pressure py before
the turbine (after the throttling valve), and the steam
pressure py in the condenser. Since the pressure in the
condenser does riot‘change, the indicated relation Hg =

=Hq (i", p;, p2) can be‘written in the form of the follow-
ing linear relation: ' o
oy ., , OH,
Hy== °z 50 m +Cq, (5)

~where 9H, /9i",

3H,/9p;. and Cy are positive numbers.
From the. theory of steam turbines, it is known that

the relatlon between steam consumptlon and steam pres-

sure is of the followmg form

E'L: /_EL:PZ-'_ 7—;’ v '-(6)
l I’w Pgo_ T

In the investigation of transient processes it is also
necessary to know the dependence of turbine efficiency
on steam consumption and the dependence of saturated-
steam enthalpy on temperature. The character of the
indicated dependences is shown in Figs. 2 and 3. These
nonlinear dependences can be replaced by approximate
linear expressmns

d'” G,+C,, (7)
i :dT;t2+Ca.. ' o (8)
By substituﬁng (5), (7), and (8) in. (4), and by using

(6), we obtain the following nonlinear equations for mr-
bine power:

o380, (2 ()
+“51+C]<“T2+C> ©

9_2_: ‘/ P; ‘/'lzo )
Gy Pho— on Ty "

‘Here, we consider small oscillations and, therefore,
we linearize the equations. For each variable we shall
introduce the following deviation from the initial value:

x(t‘):x'(c);xo. (10)

We shall express the variables in terms of deviations

"'from the initial values, substitute them in the reactor

77:

&
Fig. 2. Character of the turbine efficiency de-
pendence on steam consumption.
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equations (2), 'steam-generator equ:attions (3), -and turbine- 18 ] ", 0 aN,
. . —_— A ut ; %iVe o,*out _
power equations (9), and we shall neglect the terms con- TR Vo | § i , + 2, AT =
taining deviations of orders higher than one and the prod- = G,Cp1 -.l—SZAt.*i“ + [(ﬁ +1 ) Gyept -
ucts of deviations. If we subtract the corresponding sta- ’
tics equations from the obtained equations, assume that A= BaN ] SAt*"‘ aN 2o Az'm (13)
A N, = 0, and eliminate all variables except Atf.n, ]
Agtout’ { [ _ _ KL
t‘.ut Atsg and Atout from the obtained equations, we choS t 16 c”l L exp “ Giem +
shell obtain the followmg equations '*‘d, Gy — (‘o tew) } Bigg™" = |
1 dz__\lOUE : = Gepa X < ) A ‘"’
Gicot +[< +l>G10pi+ p2 CXP (,c,,l Sat )0 +
K L
+{Gc 1 [1-—ex (—— L )]-{—
—_ aN 1+p p
I RAL S "
o + [ G — ig_ic‘”) ] exP( Gie 1)} Az“n
ey gt [\ X l) Gien — s
1n
1—' BNV ] “_No adn, ) ' (Astensks denote functions obtained by means of Carson's
d' wansformation = :
dA tOLIt
Geye —3—-1— {Glcm [1——-0\p< KoL )] + , At*'(S)=SS At (z) exp (— §t) dv.)
Giepy I
di” . ‘ g . - ®j
4 Fra Gy — T (1, — low } At°“t - Weshall call the relation W, = At out, At R the
G KiL d,;tm wansfer function of the reactor, and the relation W =
= GCp2 €XP ( Greps ) _ ..%out,, *in ; ' L
L = At g / Atsg will be called the transfer function of
L
+ {Glcm [1 — exp ( ~ Crom )] + the steam generator.
di” 8 e . :
+[E,;Gzo.‘—;fl(‘o_lcw)]x .
, r K L\ . in ¢
) Xexp(—Wm)}At ; (12)
) 3600
whereAl= 860 [Hoon10+ Opy 7110P10+ ‘ - /\
dng .
+ 58 Gy, |
__ 8600 6HodL 1 0H, p1o
Ay ="gg5 Gaooo | 57 Gz ':ZTT_]
In usable form, these equations will be represented as: t
1 canr,*out B . Fig. 3. Character of the saturated-steam en-
‘GICP‘ KN S + [(T +1 ) G_lcm + : thalpy dependence on temperature.

" From (13) and (14), we obtain

aNo] S—a‘—N0

Glcp,—52+[( 8 +z) Ciopi—
Giemp s*+ [ (£ +z)clcm+ - aNoJ s+

W, _-G.Cm exp( Y 'm)S—LGlrm [1—0)}) ( —aﬁ )] [ (Lo_lcw)] exp ( GICP1> . (‘16)
g G cp,S+Gyepy Li—cxp ( chm>] + Gog— E 2 (ipg—icw) '

(15)

r

14

632

Declassified and Apprdved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8

In investigating the, plant stability it is necessary to take.into account. the heat-carrier lag, which is caused
by the piping. It can be cons1dered that, approx1mately, :

48 () = 198 (s — =), )
tm( )-f°“t(~—*2)
where 7, and T, aré the lag times. In this case, the mansfer function for the "reactor steam-generator” piping
will be of the form . ‘

I

I/V ——exp(—‘uul) - -7 B : ] (18)
and the-transfer function for the "steam-generator-reactor” piping will be given by

We =osp(=S%). a9

The- system under ‘consideration consists of four elements connected in series: 1) reactor," 2) 'reactor—stealr
generator™ piping, 3) steam generator (together with the turbine)*-and 4) "steam- generator-reactor” piping.

Let us disconnect the system before the reactor inlet. The transfer functlon of the open system (Wos) is equal
to the product of the transfer functions of individual elements .

oo 010101—"52‘1“[( B+l)01691 “NOJ‘S; aNo
Wos =W Wy, 5gWigWs X
8" sg" sgur U ;
Glcpl [( )\+l>010m+ 5N c"No_] S+a 2
KL di” : o KL )
X Gepa eXP< Gwm) §tGiom [1—9”) ( Glcp1>]+ _EGQO— 6 CW)J exp& (”cp1> X
_ KL\ | 4 _
s 0 [ ot () [H o
xexp[ =8 (2 +5)]- ‘ ‘ ‘ (20

In (20), the factor exp [-S(7; + T3)] takes into account the heat-carrier lag in the piping. Assuming that
T4+ T2 =0, we obtain the lag-free transfer function of the system (W,)). In the theory of control, such systems
are called limiting systems. Before analyzing the problem of a stable system with a lag, we shall consider the
stability of a limiting system. The equation for an open limiting system will be of the following form:

AgFout N\ K
—_— p — — b ’ ’
Al::in h Wls L +( H Gsz [1 CXP( c’l"pl>] +
‘ —B)A L
: «in sout + = :S\) TO chg[l-}—exp(—g?] >] :
Assuming that Aty = At ", we obtain the equa- e
g a(1—B) No B
. o = [20500 (2101
tion for a closed limiting system:
KL
Wy — 1=0. » (22) [ (1101)1> )
By substituting the value of the transfer function of -+ aA2T0 [—BS—{—chz:l [ -+ cxp< — KoL >] )
c . . . . Gicpy
the limiting system in (22), we obtain the following KiL
characteristic equation: : as =alV, [ I —exp < B ,cm> ] +
a,r3 -+ art 4 a,r = 23 al Ty Y 47 2N
Prattesias0 @ £ 5 [1yenp (1),
where . ’ . di’ A .
G = o Goy— =2 (I — L aye;
__l_ _ _ .KLL ~ . dtz 20 . Al o Cw ?
=1 Gepz [1 exp( Crog . ) _ . |
l 1 KLL - . .
_)\— —eXPL TG, ep ] AT, is the preheating of water in the reactor.

* The lag in the "steam-generator—turbine® piping is not taken into account here, i.e., it is assumed that throttle
3) (see Fig, 1) is located at the beginning of this piping, and that the signal indicating a change in the number
of revolutions of the turbine shaft reaches the throtile instantaneously.

.6,33
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As’is known from the theory of control [2} it is nec-
essary and sufficient that in order that a system of the
third order be stable, the following conditions be satisfied:

ay >0, (24)
a, >0, (25)
ag > 0, (26)
a,a,— a,a, > 0. 4]

Generallyspeaking, two cases are possible: 1)
§=0, 2and 2) §< 0.

If § =0, all the stability conditions (24)-(27) are

" satisfied, and the limiting System is stable.

If § < 0, the stability of the limiting system depends
on the degree of water preheating in the reactor. For
certain cases of preheating, the plant can be stable, and
for other cases, it can be unstable. A limiting system

) will be stable if the intensity of water preheating in the
reactor satisfies the conditions (25)-(27)T. The inequal-
ities (25) and (26) can be rewritten in the following form:

AT ')\— 0 (}\%—l>GCPn
0> , a(1—8) G
21 Cpe
K;L
1—exp<—610m
X T = AT, (28)
1, .
1—*_exp<—wclcpl>
KL
1—exp<
G
AT, < 2o i/ _ap. (29)
H KL 2
ex p(—— 1cm

Let us now determine for which cases of preheating
(27) is satisfied. We rewrite this expression thus:

AAT: - BAT 4 C > 0. (30)
It is obvious from (27) that for all
AT, > AT* =

K;L

—_2(-;'\—-*- z>| 5 1_exp( _KiL

Gl Cpl
1-}-exp (

K, [,
Gl Cpl

(27) is valid. Consequently, for any parameters of the

system, A'> 0. It remains to be determined whether

the equation

aGep,

AAT2 4+ BAT,+C =0 31)

‘has real roots.

634

If B2-4AC > 0, the equation has two real.roots; ATg
and AT,, where ATg < AT, ‘The inequality (27) holds
for ATy < ATg and ATy > AT, In this case. the limiting
system is stable if AT; < ATy < ATS or AT, < ATo < AT,
(Fig. 4).

If B? -4AC = 0, (31) has orie real root:ATs. In this
case, the inequality (27) holds for all ATy ATs, and the
limiting system is stable for ATy < ATy < AT; with the
exception of ATy = ATs;. '

If B -4AC < 0, the equation has no real roots, (27)
is satisfied for any AT,, and the limiting system is stable
if ATI < ATQ < ATz.

Let us consider the stability of the system by taking
into account the lagging elements. We shall write the
transfer function of the limiting system in the form

Wis (jo) =W. (o) exp 8 (w)], (32)
where Wy (w) is the modulus, © (w) is the argument, and
j =V -1I. The mansfer function of a system where the
lagging elements have been taken into account is of the
following form

W (jo) =W, (0)exp {j [0 (0) — (3, + t5) ®]}. (33)

In order that a system with delays be stable, it is
necessary and sufficient [3] that the point (1, jO) lies

outside the contour of the vector hodograph:

W (jo) = W, (o) exp {j [0(0) —(t; + <) 0]}
I . 1. 1
a ! +- X * 1A
47, 47, a7, a7,
I Y B |
b) A — ! ar,
47, 41, A °
SN T 1
c) - ! o7,
47 41,

Flg 4. Stability regions of the plant for § < 0. a)
B> -4AC > 0; b)B? -4AC =0; c)B®-4AC< 0; D
instability region; II) stability region. (At the points
ATy, ATy, ATy AT, and ATs, the systemn is unstable.)

+ Condition (24) is always satisfied.
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The moduli of vectors Wig (jw) and W (jw) for each frequency are identical and equal to Wy (w).

o

. From'(37), -it is obvious that -

Wego (w) < 1. (38)

. By taking into account (34), (36), and (38), we obtain

Wo(w) < 1.

Since the modulus of the transfer function is less than
1, the'point (1, jO) will lie outside the contour of the vec-
tor hodograph for any lag time. Consequently, a system
with delays will be stable, if the limiting system"is stable,
e., if (25)-(27) are satisfied.

CONCLUSIONS

'On the basis of investigations performed on the con-
sidered nuclear power plant,we canarrive at the following
conclusions: 1y § = di" /dtz[Gzo—@z/A])(lo—lcw]> 0,
the system is stable for any 1nten31ty of water preheating

in the reactor; ,
2) Ifé < 0, then, for certain glven preheating in-
tensities, instability regions appear (see Fig. 4), and the
number of such regions and their size are determined by
the following relations:

AT o 2 <£+l> Gom
Y e I
2\ p2
KiL
1—exp ( Gncm

“re"p( clﬁpl)

Declassified and Approved For Release 2013/02/21

Let us
evaluate the value of Wy (w):
W (e ) Wro (w)ngo (w), (39
where Wi, (w) and ngo () are the moduli of transfer functions of the reactor and the steam generator
i NgT\2 N )
Wi (w)= — .
{ Ny 2 ) Py (395)
R +[(%+Z) Glom+(1—a>—ﬁ_
It is obvious from (35) that Wyy (w) =1 only for w=0; forall w#0, Wy =(w) <1.°
fThus' (36)'
iy (0)< o
KLL ) 2K L '
( ) {Glcm [1—0Ap( oy l)}—}— o exp < 7 cm}l_{—Glc;zex ( chm > 2
Vg, (@ _ . KL N7, . -
_ {chm [1—cxp \\ ——Gﬁp—l >] -+ 0} —)—Gzc;wwz
(37 -

Gl Cpl >

Gl cp1

2, 1—exp<
AT, < 13
T Pigex p(

AAT? £ BAT,4+C > 0.

The roots of the quadratic trinomial are ATy and AT g
A>0 .
The indicated relations make it possible to deter-

. mine the stability of a system for any values of the plant

parameters.. However, in actual plants, the system para-
meters are such that ATy <. 0, ATg< 0, and AT4< 0, and

- the stability region lies in the 0 < ATy < AT, interval,
“where AT, is equal to ~10%°C, i.e., it considerably ex-

ceeds the actual preheating of water in the reactor.

It should be noted that, if the reactor has a positive
temperature coefficient of reactivity, the system of in-
equalities defining the stability conditions is incompatible
and the plant is unstable,

Thus, actual plants of the considered type are stable
if the reactor has a negative temperature coefficient of
reactivity.

The author extends his thanks to S. M. Feinberg and
Ya. V. Shevelev for their discussion of a number of prob-
lems encountered in the work.
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THE NUCLEAR REACTOR CIRCULATION CIRCUIT
AS A RADIATION SOURCE
Yu. S. Ryabukhin and A. Kh. Breger

Translated from Atomnaya I:Znergiya, Vol. 7, No. 2, pp. 129-1317,
August, 1959
Original article submitted July 25, 1958

The solution of the problem of circulation circuits with a single radioisotope, which has been found earlier 1],
is applied to the general case where several radioisotopes having radioactive progeny are formed in the substance
to be activated. The problems of the absolute maximum circuit power and the consumption of neutrons per unit
power for a number of elements which can be used as substances to be activated in the circuit are considered.
From among them, the most promising are indium and its alloys, '

Special attention is paid to a circulation circuit where the substance to be activated contains a fissionable isotope
("uranium® circuit). It is shown that the specific power of such a circuit, all other conditions being equal, is con-
siderably lower than the specific power of circuits with metallic indium or its alloys. As a particular case of a
"uranium® circuit, the circulation from the reactor into the radiation unit,and the reverse,of fuel elements which
have not burned up completely is considered. It is shown that, in this case, the power of the unit can be increased
two- to fourfold in comparison with the power of a unit, which makes a single use of completely burned-up fuel
elements, '

INTRODUCTION .
independent or genealogically related to each other, is

A circuit where a single radioisotope without radio-
active progeny is formed in the substance to. be activa-
ted has been comsidered in [1].* However, more com-
plex cases are possible. In the first place, several radio-
isotopes can be formed as a result of activation; in the
second place, the daughter products of these primary
radioisotopes can be radioactive; in the third place, the
primary radioisotopes themselves as well as their radio-
active and stable decay products can be activated, thus
forming new radioisotopes. Finally, there is a special
case where a fissionable isotope is contained in the sub-
stance to be activated (*uranium® circuit).

Consequently, the formation of a very complex mix-
ture of isotopes, the components of which can be either

possible. The calculation of such a circuit with the val-
ues t;, ,, and tp, changing from one cycle to another is
difficult and hardly rational,T Therefore, in this case
it is natural to limit ourselves to-the consideration of a

“circuit where t, ta, and tg are constant.

Circuit with Constants t, t;, andig

The over-all power of such a circuit is obviously
equal to the sum of powers of isotopes emitting Y radiation

If a radioactive family is available, the specific
power (i.e., the power per liter of substance to be acti-
vated) of an ideal circuit, which corresponds to the r_n_th
isotope in the chain (designating the isotope to be acti-
vated by zero), is equal to¥

m m :
id _ (1 —exp (—g)] [1-—exp (—Vq)] _1—exp[—n (vg+vq)]
Pl = A [[ 2 2y | = Texp Gy —11 J ° M
g=1 =1 (z54vg) &g H (Aj—1q) [1““3’11’{—(‘“0-}‘%)]] o _
=1
. m
where A = ¢0 N I'm, and the condition )\j~>\q= 1 holds with respect to H (}; — lq) .

=1

We alsobderived i the equation for the energy of y radiation stored at the moment ¢ of the period t,, which

® While [1] was in preparation, we had the opportunity of studying the report by R. Gordon (* Project of an Irra-
diation Loop®), which was presented at the Conference on Nuclear Science and Technology (Chicago, March,
1958). A certain number of problems considered in [1] are treated in this paper. The results obtained by Gotdon
agree with the results obtained in the corresponding parts of our work [1].

1 For notation, see [1].

1 See Appendix.
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is equal to the number of atoms of a glven isotope multiplied by the energy of y radiation emitted by these atoms:

[1 exp[—n('cq {—vq)]][i —exp (—%q)]exp(— lqt)

.m—1
vid=a, T D
q— q=1

Ag ” (A j—1q) [1—9XP[—(‘Q+V<1)]:|

(2)

ThlS equatlon is simpler than the similar equation denved in 2] : :

By using (1) and (2), the specific power can be calculated also in the case where any of the isotopes in the
family, for instance the pth, is activated. Such an isotope can be designated as the zero isotope in a new family,
and the specific power of the m"-th isotope can also be determined from (1), whete in the expression for Apy =

= ¢o, Ny Ty, the magnitude of Ny is calculated from .

For an actal circuit, the expressmns for specific power and stored decay energy are of the following form:

L=A H A Z [1—eXP(—fq)l [1—exp (—vp)] exp (1) %
: g=1 . =1 (mq-{—vq+sq——> Aq H (Aj—1q) [1—-exp [—(':q-{—vq-{-sq)]]
[1 _ 1—-9XP [“'" ("q+”q+ 217
_ n [exp ("q'i‘vq‘l‘sq)"“ : ’_ o _ ,
=‘ ml‘[ A 2 [1——exp [—‘”("q—*‘vq 11)]] [1—-3Xp (v—"tq)]exb [—Xq (t+tr.a)1 o (3)

A H (\j—1g) [1—exp l—(rq+vq+sq>1]

" In ordet to determine the dpﬁmu‘m power conditions,
it is necessary to find the maximum of the sum of spe-
cific powers with respect to each isotope. In its general
form this problem is very complicated, and, inpractice,
it is more convenient to use an approximate and, there-
fore, simpler ‘method of selecting operating conditions.
In this, one should be guided by the following considerations.

" If a simple isotope mixture is available, only the
shortest lived and the longest-lived isotopes, whose con-
tribution to the over-all’ spec1f1c power is the greatest,
are considered.

A decrease in specific power in comparison with
1/4 A due to the finiteness of tg and the fact that t; and
t, are not at their opumum values is more strongly pro-
nounced in the case of short-lived isotopes (see (4) and
(5) in [1]) a decrease in specific power due to unsatur-
ation with respect to activity will be more strongly pro- -
nounced in long-lived isotopes. The magnitudes of
functional parts in the expression for the specific power
of all other isotopes lie between the magnitudes of func-
tional parts in the expression for specific power corre-
sponding to these two isotopes.

In the case of an isotope chain, the spec1f1c power
. corresponding to the Eth isotope will be determined by
the accumulation and decay of atoms of the preceding
members of the chain. If the decay constants of individ-
ual chain members differ very much among themselves,
i.e., Az > Ab>>A.... > A, theoperating conditions
will be mainly determined by that term of ‘the sum in
(3) where the decay constant is the smallest. If thereare
two or more terms where A differ little from each other,
then, on the basis of the fact tha"t1 the product of each

term of the sum in (3) and )‘q ]l ()‘j — )'q)

F=1

changes

‘litdedin relation to A (see (5) [1]),

‘such products can
be considered as being équal; the corresponding com-
‘ponents of the sum in (3) can be added, and the consid-
erations mentioned before can be used.

Having chosen the operating conditions, it is possible
to calculate with agcuracy the specific power corresponding
to each isotope and to prove that the condmons have
been correctly chosen.
W__M_n______wmaw

_ Tablé 1 provides some data on elements which can
be used as substances to be activated.

.. Inthis table, C; is the share of theith 1sotope ina
natural mixture of 1sotopes with the activation cross sec-
tion O 5cps Oabsis the cross section of neutronabsorption
by the natural mixture of isotopes of a g,wen element.TT
The fourth column gives the absolute maximum power
per atom of the element in question, and the fifth column
provides the maximum power per one consumed neutron.
The table contains only those elements for which: 1) the
half life of - y- emmmg isotopes does not exceed 100 days

! Cioi ace T
D C.o:,n s >
2{ iTiact’ s Oabs

The data in the table show that the most suitable
elements with respect to the absolute maximum power
per atom are In, I, Sc, Mn, and La. The actually at-
tainable absolute maximum powers depend, of course,
on the physical and chemical properties of the substances,

Wwith respect to the most efficient use of neutrons
consumed in activation, Na, which is the best element,
is followed by La, Sc, In, Mn, and Ga. The actual effi-
ciency of neutron utilization depends on the absorption

T+ The values for o, act’ ©abs’

the values for I are taken from [4-6].

2 barn*Mev; 3)— > 0,0Mev.

and C are taken from [B}
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Kotopes emit- 5 C;9; , CiSiacts
Element ting y rays Half life “iget's it ,Mey
y 13y : barn - Mev 9 abhs
Na Na2t 15 { hr 2,1 4,1
Sc Sc1é 85 days 44 2,0
Mn Mnbe. 2,58 hr 21,5 1,6
: Ga Ga’Z 14,3 hr 3,7. 1,4
8
In In"“2 - 53,9 é'mn 344 . 1,8.
Shtz 2,8 days
Sb Shi2e 60’ days 3,6 . 0,66
La Tal40 1,66 days 19 - . 2,2
Ir Iris 74,3 days 220 0.5

cross section of a given substance .and on the operating
conditions of a given circuit.

Table 2 1lists the absolute maximum_ powers for
some substances whose application seems to be most
promising. The calculations were performed for ¢= 10%
neutron-cm 2-sec”t.

In this table, indium and its alloys are the best sub-
stances with respect to specific power, and sodium has a
good neutron utilization efficiency. Thus, in developing
.actual systems, it is possible to select a circulating sub-
stance which is most suited to satisfy the necessary re-
quirements,

The following factors should be taken into account
in selecting a circulation circuit for an actual nuclear
reactor. In comparing specific powers, it is assumed that
the introduction of the substance to be activated in the
activation zone will not disturb the neutron flux t a
great extent, The same assumption has been made also
in f1]in the selection of an optitnum circuit. Such an

_assumption is connected not only with the fact that the
amount of the substance to be activated is considered to
be small in many cases, but also with the fact that it is
impossible to find a general expression for reducing the
flux in the activation zone when a certain volume of
the substance to be activated is introduced. The reduction

of the flux depends in every case on geometric factors,
However, if the flux reduction is significant we can con-
sider that, for a given average flux in volume V,, the
volume V, is also given, and we can find the relatively
optimum operating conditions (see [1]). A comparison
of substances with respect to the power per neutron ab-
sorbed in 1 sec is important in the case where neutrons
are used for other purposes, i.e., when they have a cer-
tain "value”. The most efficient use of neutrons is se-
cured in a circuit where V, is infinitelylarge withrespect
to Vr. In this case, the power per each neutron absorbed
in 1 sec will be twice that indicated in Table 2. Itis
obvious that such a circuit will be extremely inefficient
with respect to the power liberated in the unit per liter,
i.e., with respect to volumes circulating in the circuit.
It is of interest to compare the obtained results. wnh
the corresponding data characterizing the use of the co®
isotope as a source of y radlauon The q_uar_mnes

z7C10 iact Tx

EC o, I"i, and for cobalt are equal to

1 act Oabs

: 90 barn- Mev and 2.5 Meyv, respectlvely; in the case of
a circuit containing pure cobalt, Py y,y (for ¢ = 108
neutron * cm “2.sec 1) is equal to 3160 w/ liter. However,
the average specific power for a time acceptablein prac-

. : i Power per neutron s
Elements to . . per Melting tem-
be activated Substance state Pa,.max’w/hter absorbe_g;n 1 sec, peratuii, c
wx 10-% R
Na Liquid metal 20 3,16 97 i
Mp, Br |3 M solution of MnBr, 23 0,96
In, Ga  [Liquid alloy: 24%-In alloy 1200 1,42 16+
In Liquid metal 5100 1,44 156
In Liquid alloy: 569 In; 349} Bi; 3300 1,44 13 (8}
100, Pb
In Liquid alloy: 529 In; 309 Bi; 187 Sn 2900 1,44 60 8]
In 1 M solution of In, (SO )y 165 1,46
* Sce, for example, [7].
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Actually, by using (4b) of [1], it is
= 0.5 year , and

will be 0.25 w/neutron, i.e., it will be 5.8 times lower
than that for the Inr—Ga alloy (see Table 2).

"Uranium® Circuit

The consideration of a circulation circuit where a
substance containing a fissionable isotope is used for the
"transfer” of y radiation to the radiation unit is un-
doubtedly of great interest [9]. The solution of the prob-
lem of selecting optimum operating conditions of a cir-
cuit with respect to the attainable specific power of the

- radiation unit, can serve as a basis for the development

" of such circuits for homogeneous-as well as for hetero-
geneous nuclear reactors. Moreover, the "uranium®
circuit theory must serve as a basis in calculating the
conditions for a complete or partial utilization of bum-
up elements in different radiation units, which is also
of great practical importance (see, forexample, [10-13],

The main difficulty in solving this problem is con-
nected with the fact that the data on the y radiation of
fragments and, particularly, of fragments of short-lived
isotopes are incomplete and often inaccurate. Neverthe-
less, we attempted to calculate the maximum specific

~ power of a "uranium® circuit by borrowing data on iso-

y
63 A
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7
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Number of cycles n

Fig. 1. Graph of the S(n) function.

Declassified and Approved For Release 2013/02/21 :

tice is much lower.
easily found that for K =1 year, t; =1,
tg = 0; the average power of a Co® specimen with a vol-
ume of 1 din® is P19 = 0.032A = 405w, -

In this case “the efficiency of neutron utilization
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Fig. 2. Graph of the Q () function for different
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topes from [4-6] and data on yes fission-p'roduc_:t yields
from [14].

By summing up the spemflc powers w1th respect to
each isotope, we obtain - :

1,6 .
=1/, 2 A, = —4— poylNy Mev/sec-_liter.
4
For the circulation of a 1.26 M aqueous solution of

the UOz (NQOy); natural uramum salt for ¢ = 10'® neutron
-cm tosec ™, we have Pa max = 1.9 w/liter.

Pld

a-max

"This magnitude is apparently lower than the actual
one, since many short-lived isotopes have not been taken
into account, '

Therefore, we thought it convenient to use a differ-
ent method in this case: the Way-Wigner equation for
the energy of y radiation emitted by fragments per unit
time at the time t sec after fission. This equation can
be used in the 10 <t =< 107 sec interval [15]:

iy

=1 26 t—1:2 Mev/sec-fission. (5)

Considering, as before, that t; and t, are comstant, we obtain

et : | .
7,88f 2 (1—%>{(gc+ ta)o’s"'g::,s_‘(g cttat4)008+(8c+1)0:%
k=0

P, =

c

where'Jc is the number of fissions per sec in 1 liter, and
gc T k(G +1,+tg) +1ty,

It should be noted that (6) as well as the correspond-
ing equations in [1] are symimetrical with respect to t,
and ta, i.e., for the optimum condition t; = t, for a
given tg .

The problem of finding the sum in (6)in a form con-

z
ar
b ttatin—=-

venient for practical use and with a good approximation
at the same time remains unsolved. ¥¥

However, the necessary equatibns can-be obtained
for certain particular cases.

% In principle, this car be done by using Euler's equa-
tion, however, the resultant expressior_x would be unwieldy.
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1. IfE is so small, that a term-by-term summation
can be done in practice, this summation would provide
a general solution of the problem, i.e., a solution for
any ty, t,, t.,, and t,;. .

2. Let G =tyandt, =t

Then, for § <1, withanaccuracy of + 2%, wehave® **

= 7,88/go,2 - _Lz(e_}_i)o,s_zo.s_
e [a—2 ] b |
_ 0.8 4~ S (n)

where S (n) is found from Fig. 1.
Let us denote P, t::/f by Q (& n). The Q (g, n)
curve is shown in Fig. 2. As can be seen from the figure,
the value - £~.0,08 cormresponds to the optimum oper-
ating conditions for any n. Like (5), (6) and (7) are ap-

plicable in the time interval from 10 to 10%sec.

Calculations according 1 (7), show that the specific
power of a circulation circuit where the substance to be -
activated is, for instance, a 1.26 M solution of uranyl
nitrate (for ¢ = 10% neutron- cm™2. sec”!,’ =t =
= 140 sec, tr, = t5;=10 sec, and K = 100 days) is equal
to 3.2 w/liter, i.e., it is 1.7 times greater than the cor-
responding value obtained from (4) for the ideal optimum
circuit,

However, with respect to specific power, such a cir-
cuit is considerably inferior to those considered earlier
(Table 2).

For the sake of comparison, we shall mention that
even if metallic uranium circulates in the circuit, the
specific circuit power (for the same conditions) amounts
to only 190 w/liter. 1T This is the limit for this type
of circuit (for the above-mentioned neutron flux).

It is easy to evaluate by how much the "uranium®

50
(2]
=
-U‘... @0 f’for K=66.6 days y
B
< /1
B /
. . /]
g% 4
= tpforK=800r66.6W :
N
= . /
20 b //
v '
L /PforK=80days
10 /

-

| t;, for K=80 days
P | tra for K=66.6 days
S~ =~

4 T &
! 2 3 45 10 20 30 40 50 100
Number of cycles n

DA

0
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circuit power can be increased in"approaching the ideal
optimum circuit with n = co. It is known that the total
y -radiation energy emitted by fragments amounts to
~ 6 Mev/ fission. At the same time, it can be easily

. found from (5) that an energy of

107
Q 1,261 -t.2dt = 3,85 Mev/fission
10 : . .

is emitted in the interval from 10 to 107 sec.
Hence, it follows that even-in the ideal case - the
power can be increased approximately 1.5-fold.
However, it should be kept in mind that the num-
ber of delayed neutrons emitted in the radiation unit per
unit ime will greatly increase in approaching the in-
dicated ideal circuit. For each isotope emitting neu-

_trons, the number of such neutrons per 1 liter is deter-

mined from an equation which is similar to-(4a) in [1]:

iy = DI —exp (—=)] (1 —oxp (—v)] exp (—n)
(x+v) [1—exp [—(<+v+e_)]]

where D is the yield of delayed neutrons of a certain
group per fission. For instance, for the above data used
in the calculation of specific "uranium® circuit power,
the over-all specific number of neutrons in all groups

is 1.5 - 10' neutron/ sec -+ liter L.

Utilization of Fuel Elements in

Radiation Units

Equation (7) can be applied also for determining
the operating conditions and for calculating the specific
power of radiation units where completely (n = 1) or par-
tially { n > 1) burned-up fuel elements are used as ra-
diation sources. ¥+%

In using completely burned-up fuel elements. it is
understood that the cooling must be done in a special
radiation unit. As an example, we calculated according
to (1), the specific power for completely burned-up fuel
elements for different burn-up times (t; = 10, 20, 30,
and 45 days) and for different feed rates of fuel elements
from the reactor to theradiationunit (0.3 <t;, <10 days).
The calculation results indicate- a) the average spe-
cific power of the unit can be considerably increased
(1.5- to 3-fold) and, for natural uranium, it can be in-
creased from 4-7 to 13-14 w/ liter for ¢ = 103 peutron .
cem % sec™t (throughout the operational period of fuel
elements) by reducing the conveyance time of fuel ele-
ments from 10 to 1-2 days; b) if the transport of fuel

¢ s¢ See Appendix.

Tt 1 The data pertain to unenriched uranium.

T¥1 By completely burned-up fuel elements, we mean
such elements which were present in the reactor during
a normal operation cycle. Afterwards, they are usually
cooled and reprocessed.
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elements lasts 1-2 days, the average specific power of
the unit is almost independent of the burn-up time
(within £ 5%) and is equal to 13-14 w/ liter for the
above conditions.

As will be seen from the following, a considerably
more efficient irradiation will be achiéved by using =
fuel elements which are partially burned-up in the re-
actor (during time t,) and then gansferred to the radi-
ation unit where, dutmg time t, , they are used as sources
of y radiation and thenreturned to thereactor. Obviously,
this process can be repeated many times until the fuel
elements have burned up completely. ’

Figure 3. shows some calculation results for two
cases with different durations K of operation of the whole
®circuit” for a neutron flux equal to <p=1013 neutron -
.em™ sec’t, The calculation’ was performed for 1 dm®
of a conventional fuel element. consisting of pure unen-

days. It is assumed thatt, = t;.

" riched uranium. The duration nty of a full cycle of the

fuel element operation in the reactor is taken to be 30
The time t, required
for transporting the fuel element from the reactor to the
unit-and the imé tyy required for the reverse process,
were determined by taking into account the following
conditions: tya = tar and ntgy = 10 days (for K =80 days),
and ntpa = 3.3 days (for K = 66.6 days). It is obvious
from the curves in Fig, 3 that if partially burned-up fuel
elements are used many times(n > 1), the specific power
of the unit can be increased manifold in comparison with
the power of a unit, where completely burned-up fuel
elements are used only once (n = 1).

Equation (7) and the curves shown in Figs. 1 and 2

provide the possibility of performing calculations for

other cases of "circulation” of fuel elements if t = t,
aqd trg = Uy i

APPENDIX

Derivation of Equations-(1) and (2)’

Let us first determme the decay energy of the mth isorope (considering the isotope to be acnvated as the
zero isotope) stored until time t of the period t,j; “due to activation over the period t;.:

m m—1{ L '
) — g (1) (i —k)—Aqt]
oon 3 [ ) g 3RO
A ’ (1A)
r=1 g=r =r IT (\j—2g) . .
i=r
where
! oxp [ — .
Ne=No' [T 2 D) = oxpl=htl (24)
©oe=t a=0H (Aj—Nq)
J—O

is the number of atoms of the rth 1sotope available at the end of penod tyc. due to activation during this time

only. In (1A) and (2A) the following conditions hold: qu=1 ifb<a, Ao Ny =96, N.,, but Ao =0 in the

exponent, and, in x_xg[u(x-xg)] =1,

Equations (lA) and (2A) are obtained by modifying the equation for

the number of radioactive atoms of the mth element in the chain (see, for instance, [16]). By substituting (2A)

in (1A), we obtain

U= 4, H qu éexpl—lqtrl i"l\“exp[—')\q(tr+ta)(i-——k)——lqt]

=1 r=i q_OH ()\j—)\q) q=r
1=0

Let us simplify the expression under the summation sign
r

m
multiplying the 20 and 2

9= . =r

]"j (lj‘;}‘q)

i=r

For this, we shall note that as aresult of

sums, three kinds of products are obtained: 1) products containing only

exp Xa[- (tp +tp) (i-k)-t]; 2) products containing exp[-A,t; ] exp A, [-(t; + t;) (i-k)-t]; 3) products containing
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exp ['Xatr IXXp [t + tp) (1-K)-t], a s b. The sums containing the products of the first, second, and third kinds

are reduced to the following expressions, respectively:

1) i.exp}q‘[i_(ﬁ_k-ta) (i—k)—.—t]; . i’: exp)\q[—-—l —(lr +t, )(l.-—k)——t]

3)0.

a=1 A [] (=29 a=1 ﬂ (x,-—xq)
Si=1 .7—0

m—1 m
@ exph =+t (i=h—1
U= dm I % D) ! a [1—exp(—Aog )]

9=1  q=1 Aq ]‘[ (A\j—Xq)

'For the stored decay energy of the mth isotope at the moment t of the t, period of the nth cycle (1 e., i =n),
we obtain :

n

Uvind=2 U= H "02 [1— exp[-——n(':q—}—vq)] {1—exp (—7q)] exp (—Aqt) .
h=1 =1  q=1 Aq .[]‘ (\j—rg) [1—exp [—(5g+v9)l]

The energy emitted by the mth isotope during the ith cyqle due to activation during the kth cycle is only

ta m
Lm"=S 0% dt= A ][ 1o 2 [1—exp (—hgtp)] [1—exp (—hqt )] exp [ —Aq (¢, -1, ) (i—R)]

0 : g=1 q=1 )\q n (Aj—Xq)

The specific power corresponding to the mth isotope for n cycles is

n i
! ik
¥ iy

T = L= T H y 2 U—oxp(—wgl—oxpl—vall .
=1 q=1 (~q+"q)7‘qn (\j—Aq) [t —exp [—(zg+Vo)I]

m n (4 +t L +t)
1—exp[—-—n(‘=q+“q)]
x [t Ik

~

Derivation of the Equation for the Specific Power of a *Uranium® Circuit

If the number of fissions per sec is f,then, by using (5), it can be written. that the energy liberated during
the tai in the time interval from Ataj to Atyj + dtaj as a result of fissions which occurred during-the period trc
in the time interval from Atyc to At + dtgc is equal to .

aAlfie =1,26f-dt  ((i—Fk) (§ +ta+lu)+lra 1 Atgit- (e — Al )12 _d’ai'

whence
| ‘al  'rc : :
| . Eic= S Al o= 1,88/ {(g; c+ la)o's—g?g:—_ (Bic -ttt )08 - (Bi gl )™,
| Alai.-.—.o Afc =0 v )

where

Ric =(i—Fk) ([1- ‘l’la'*‘tn)‘*'[fa
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and

i 2 Eix 7 SSfZ <1——>{(gc+ta)°r“—g" g—(gc—l-tathr)ou-(gﬁ-tr)o .
Po=—t=th=t o : A —
n(tr —l—ta—i—ta)——— - tr—l-ta-{-tB——‘.

where g = R(t, + 1, + tB) + tra.

»

If t; =ty and ty4 = Lgy, (3A) can be rewritten in the following manner:

7,88f20:2 2 (1——){2[% (1 1190 [k (L 8 P26 (L9 S 2P

c=

zM[z(i ' E)———'J

n—1
_“The -sum 2 is rewritten
k=0
n—1 S A ‘n-1y
D) =2(E1)08—808— (£4-2)0,8 4 D)
R=0 - h=1

It éan_be; shown that if¢ <1, then, withanaccuracy =z 3%,
T . T - )
2 e
h=
where

8 (n)= 2 (1——){2(2/:—}-1)0 8 (2k)%,8~ (2k+2)° ).

" . The S(n);cun)e is shown:in Fig. 1. The error in calculating S(n) does not exceed 3%. Finally, if¢ <1
with an accuracy of 2%, we have :

7,88/8%2

= [20+9-F]

[2‘5“)“ -8 8—<e1 2004 <1i(e'§)n : ] .
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DOSIMETRY METHOD FOR g8 RADIATION BASED ON INVESTIGATIONS
OF THE ELECTRON SPECTRA IN THE FIELDS OF 8 EMITTERS :

K. K. Aglintsev and V.- P, Kasatkin

Translated from Atomnaya Energxya Vol. 7,No. 2, pp. 138- 143

August, 1959
Original article submitted January 29, 1959

A method has been developed for g-ray dosimetry based on the investigation of the effective electron spécua in

the fields of g emitters. The B spectra was investigated with the'help of a scintillation spectrometer.

It was

shown, that the value of the dose D=N < > where N is the number of g particles penetranng an 1nf1rutes-

dr;

imal volume around the point being considered; \ 7z

) is the value of the ionization loss averaged over the

LK -
spectrum. It was established that the quantity <(——— ) is determined by the maximum energy of the g spec-

trum of the isotope and may be considered to be independent of the depth of the medium and of the source di-

ameter. Curves of depth doses for s®

In the course of its development, g -ray dosimetry
is falling behind y-ray dosimetry. The computational
methods for y-ray dosimetry are based on a'simple and
accurate exponential law and the absorption and scat-
tering coefficients are reliably established. In contrast
to this, §-ray dosimetry has at its disposal only a few
empirical relations, valid for a limited number of spe-
cial cases. In the area of experimental methods, y-ray
dosimetry has at its disposal universal and convenient

rules for measuring doses, based on the use of the Bragg-. . A
 volume of the medium about a certain point, then the

Gray principle for ionization in a cavity and for moni-
tors with tissue-equivalent absorbers, while 8 dosimetry
is compelled to restrict itself to a measuring apparatus

adapted to a few special cases (L, 2] -This situationis

paradoxical as the mechanism of the action of y rays
is, undoubtedly, more complex that that of grays, since
it involves an additional stage—the absorption of the .

y rays and the production of secondary electrons.

The fact that y emitters often give monochromatic
radiation, while g rays give a continuous spectrum of 8
particles does not explain the above contradiction.
Moreover, if we compare measurements of a dosc of

monoenergetic clectrons, with that of a continuous spec-
trum of x rays, the result of such a comparison is not in

favor of electron dosimetry.
Apparently, the decisive factor is the ratio of the

lengths of path of the 8 particles and the y_ quanta and '

the extent of the irradiated medium. Sharp changes in
“the strength of the dose and the spectral composition of
the g radiation take place from point to point in the

644

TI2 ¥ and Ce!® + Pr'* are given and criteria for selecting isotopes
to provide optimal conditions of irradiation are established.

field of g emitters, That is why spectral investigations
are of decisive importance to g -ray dosimertry.

We have developed a method of g-ray dosimetry,
based on investigations of the effective electrons in the
spectra, at various depths of the irradiated medium in
fields of '8 emitters, differingin their radiochemical
compositions and source dimensions.

Knowledge of the shape of the g spectrum. allows
one to find the value of the p-ray dose. If an electron
possessing an energy E penetrates some‘ir_lfinitesimal

dose given to the volume will be proportional to the

. value of the ionization loss of the electron,

Let us consider, the dose received from a stream of

- electrons possessing different energies. The mean aose

given by one elcctron is equal to the value of the ioni-
zation loss dE/ dx averaged over the spectrum of the

. clectrons penetrating the given volume. Thus, the dose

given this volume by the stream of electrons is

=fv<-:éif>. )

where N is the number of electrons entering the given

. volume.

we. shal] give a fnore rlgorous proof of (1) Let us
consider a sphcre of radius a, and let us assume, that this

. sphere is penctrated by a paralle] stream of 8 particles.
" If nis the number of B particles crossing an area 1 cm?,
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the total number of g particles penetrating the sphere is
equal to nra’. Since the mean path of the g particles
through the sphere is 4/ 3 a, then, on the average, a 8
particle penetrates a layer of matter 4/3 ap (p is the
density of the matter) and the total energy given up by
all the B particles to the sphere is4/37 na® p (dE/dx). Di-
viding this expression for the energy by the mass of the
sphere 4/ 3'rra3P, we obtain the dose given the sphere by
the stream of g particles:

nna® 4/, ap < > dji
dz o
D= n< dx

- 1/g wadp

If we add the streams corresponding to all possible direc-
tions of the B particles through the sphere, we obtain(1),
where N= Z.

We now denote by N(E)dE, the number of electrons
whose energy is contained in the interval from E to E +
+ dE; then

Emax

N=  N@E)dE.

Obvibusly, the dose is

Emax

dEN o ;
E)l\ (E)dE

0

We thus obtain, in agreement with (1), the mean dose -
Dy for one g particle:

Fmax
. \ E;)N(E} dE -
~ — 0 . 1 '
D, = N Emax T < dz) :

§ N (E) dE

(2)
- The dose Dy and (dE/dx) are expressed in units of
© Mevg - cm?. In order to express the dose D, in rads or
REP it is necessary to multiply (dE/ dx) by a factor
equal to

1,6-10-¢ 1,6-10
TONE 93

respectively, where 1.6 - 1075 is the factor for convert-

ing a million electron-volts into ergs. Hence
_8 dr rad
D, 1= 1.6-107 < dz /B particle -

I
=1.72-107 8< )B partlcle (3)

* To deternmine the dose from (1)-(3), we used a scin-
tillation spectrometer [3] consisting of astilbene crystal
in the shape of a flattened h'emisphere 35 mm in diam-
eter, a photomultiplier tube, and electronic equipment
for analysis and recording of the pulses.

The value of the dose at a given point in the 3 -
emitter field may be found from (2), if the values of
N and (dE/dx) are known. The number of 8 particles is
measured directly and the average value of the ioniza-
tion loss (dE/ dx) for a given spectrum is found from the
well-known relation between (dE/ dx) and the electron
energy. The method described here has considerablead-
vantages over existing scintillation methods, which em-
ploy both thick crystals with complete absorption and
thin erystals. In scintillation dosimeters with thick crys-
tals there takes place an averaging of the dose over the
entire crystal volume, in particular, over the thickness,
i.e., over a direction in which, the value of the dose
changes particularly rapidly. The measurement of the
spectral distribution, and theuse ofionization-loss curves
permit one to avoid the averaging over the thickness.
The scintillation dosimeters with thin crystals are, in
principle, quite suitable for dosage measurgmems, but
their use is connected with great difficulties. In practice,
it is impossible to prepare a sufficiently thin scintillator
to work with soft and medium g emitters, while the spec-
trometric method described here gives results correspond-
ing to the use of an infinitely thin crystal.

The investigations were carried out with sources pre-
pared from s¥, wi* 1124 Y’”‘ st? + Y p® andcel
+ Pr** of diameters 1, 8, 25, and 50 cm. The beta-ac-

- tive substances were placed on tracing paper set on a

plexiglas base 10 mm thick. Separate experimentswere
made with thin sources of small dimensions placed on a
colloidal film( ~ 50pg/ sz)_ The sources were placed
at a distance of 2-6 cm from the crystal.

Figure 1 shows the 8 spectra of the 535, leu, and

0, Y90 sources ( 1 cm diameter) placed on a film

with a plexiglas base; each spectrum refers to a given
depth of a tissue-equivalent medium, for which sheets
of filter paper were used.

The data presented indicate that as the depth of
the medium increases, the curves shift to the left and
flatten out and the area under them decreases. This
corresponds to a decrease in the number of electrons
falling on the crystal and a -decrease in their energy.
The shape of the g spectrum changes, owing to the fact
that g particles which have undergone scattering, i.e.,
a change in the direction of motion, do not fall on the
crystal. Moreover, the slower electrons, which traverse
4 path less than the thickness of the layer of medium
also do not fall on the crystal.

The general character of the curves for sources of
different diameter is similar, but the distance between
neighboring curves in the case of large-diameter sources
is greater than in the case of sources of small dlameter
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This is explained by the fact that extended sources have
B particles travelling obliquely, which leads to a greater
path being traversed in the irradiated medium.

The spectral investigation permit one to determine
the contribution of g particles of various energies tothe
dose. This question is of particular importance since
the linear density of ionization along the 8 -particle
tracks depends on their energy, and, in turn, are ofgreat
interest for a comparison of the biological effectiveness’
of § particles of different energies. Figure 2shows data
obtained from s%, 11?4, and Y™ sources for the surface
of the medium.

In each of the investigated sources, the greatest con-
tribution to the dose comes from the softest B particles,
which are slowed down the most in the medium. Asthe
maximum energy of the g spectrum increases, the con-
wribution to the dose by particles of higher energy in-
creases. The linear density of ionization, of course, de-
creases as one goes toward isotopes; whose gspectra
‘have higher maximum energ1es (Emax
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Fig. 1. Effective electron spectra in the field
of % T1%4 and sr®® + Y* sources at different
depths of the medium. a) 1-0; 2-3.3; '3-6.6;
4-9.9; 5-13.2 mg/ cm®% b) 1-0; 2-15; 3-30;
4-60; 5-150 g/ cm? c) 1-0; 2-37.5; 3—175;
4-225; 5450 mg/ cm?,

20 E, Mev

The investigations showed that the shape of the
curves representing the contribution for a given isotope
cha{nges little with a change in the depth of the medium.

' Most important, is the question of the relation be-
tween the number of g particles and the doses given to
different depths of the irradiated medium in the fields
.of sources of different diameters, Asa result of our
measurements, it was established that for a source of a
given ty'pe (on a 10 mm thick plexiglas base), and in-
dependently of the source diameter and depth of medium,
the ratio of the size of the dose D to the number of 8
particles, N remains within 106 of-a constant value Dy,
'depen'ding on the maximum energy of the 8 spectrum,
It thus follows that the dose D for one B particle for
a given isotope and given type of source base will have
a definite value, regardless of the thickness of the me-
dium and dimensions of the source. Experiments with
small-diameter sources placed on a iead base 3 mm
thick, gave the same value of D, as sources of greater
dlameter
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Fig. 2. Relative conmibution to the dose by
B particles of various energies for s% 112
and Y*! sources.

- The constancy of the value of Dy for a given iso-
tope, regardless of the thickness of the medium b._"and
the source diameter d, is an empirically found law. It
might be supposed: that the value D, dependé not only
on Enaxe but also on the values of h and d; however, ex-
periments indicate that partial denvane,, of the -function
Dy (Epax by d) with respect toh and & &'are very small
and, evidently, not constant in sign. Therefoxe, one
may consider Dy to-be deperident only on one parameter,
the maximum energy of the 8 spectrum for the isotope.

The values of ) which we found are given in Fig. 3.

The curve of Fig. 3 is similar in shape to the curve
of ionization loss vs. electron energy, but it extends
somewhat higher. This is explained by the fact that
there is'a considerable number of slow electrons in 8
spectra, for which the ionization loss dE /dx is very high.

The data presented directly solves one of the funda-

mental problems of g -ray dosimetry: it permits anin-

515
o
35
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4
- 10
A \st

o 65 L0 15 20 25 30
maxMev

Fig. 3. Relation between size of dose
D, for one g particle and maximum
energy of the g spectrum.

dication of the value of the surface dose of gradiation

“when the isotope from which the source was prepared

and the number of 8 particles fallmg on the surface of

-the medium are known,

The statement that the size of the dose for one B
particle is independent of the source diameter and depth

- of the medium is comect only for sources with simple

B spectra. In the case of isotopes with complex spectra
or sources cons1st1ng of two (or more) 1sotopes €.g., si°0

£ Y0, ce™ s pr™ | the size of D, will not be constant.
This follows fiom the fact that as the dimensions of the
source or the thickness of the medium increase, the
softer B spectra will undergo greater filtering; the ratio
of the number of g particles belonging to spectra of dif-
ferent hardness will change in favor of-the harder spec-
tra. Thus, for example, in the case of the s+ Y
source at very small filtration (thickness of 1 mg/ cm?
and less), the value of D, for one 8 pamcle will equal
half the sum of the values of doses for St and Y, i.e.,
it wiil be approx1mately equal to 4.5 - 10"% REP. As the
softer g rays of sr™ are filtered out, the value of Dy
rapidly approaches the value for Y%%:3.6- 10" ® REP. For
the CeM + Pr'* source, the value of D; in the absence
of a filter and with the filtering out of the cel“ g spec-
trum will be 6.5 " 10°% and 3.1 - 10 ° REP, respectively.

The investigations we conducted also allow us to
solve a second basic problem in 8-ray dosimetry: to
fix the value of the dose at different depths of the me-
dium irradiated by a given number of 8 particles of a
given isotope.

Figure 4 shows the curves for deep doses calculated
for one B particle falling on 1 cm? of surface of the me-
dium for $%, Wi, T1?4 Y™ and ce'® + Pr!** sources of
1 cm diameter. )

The curve for Ce* + Pr'* drops steeply rignt away,
owing to the absorption of the soft CeM4pectrum.

The curves of deep doses for different isotopes cross
one another. Any point of intersection for two curves
cormresponds to equal values of doses for two emitters,

™
E’Z N %
5
—
] ;
8\ Wms .
o
nzaa e
LN
y¥
§% §'§ ce™s ot
I W \nmw\
4
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mg/cm?

Fi% 4. Deep doses in the field of s%, w®5 T1204
Y%, and Ce + Pr 1% sources.
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one harder and the other softer. At smaller depths, the
greater value of the dose is obtained in the field of the
softer emitters, since their mean ionizationloss is greater.
Thus, at small depths, for the same number of g particles,
" the softer emitters give a greater dose than the harder
ones, Naturally, at greater depths, it.is more convenient
to use harder emitters. According to the data given in
Fig. 4, it is easy to fix the region of most suitable use
for each of the emitters we have investigated. For the
isotopes s% wiB T1®4 Y? P the regions are 0-8,
-8-20, 30-100, and greater than 100‘mg/ cm®, respectively.
The experimental data and the considerations pres-
ented above indicate that spectral investigations of the
“effective electrons from the spectra of 8 emitters allow
one to fix not only the absolute value of the 8 radiation

648

dose, but also to establish a simple relation between the
doses and the number of 8 particles. - Moreover, -spectral
investigations provide the possibility of drawing conclu-
sions as to the relative values of the linear ionization

density.
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_FINE_ STRUCTURE OF THE YIELD—MASS_CU‘RVE :
FOR U233 FISSION FRAGMENTS, .
V.K. Gorshkov and M. P. Anikina

Translated from Atomnaya I’Snergiya, Vol. 1, No. 2, pp. 144-1417,
August, 1959 .
Original article submitted December 19, 1958

The y1elds of Ba*® st® 51 Y™, and five isotopes of zirconium produced in the fission of U?* have been meas-
ured. The fragment- yleld vs. mass-numbet curves revealed a fine structure It was found that the Cs'*® yield: was
independent and an estimate is given of the independence of the Rb® y1e1d As a result of the present measure-
ments and data obtained earlier, an important part of the yield-mass curve for fission fragments has been plotted.
From the curve, there has been determined ‘the boundary for the transition from the emission of one neutron by

light fragments to the emission of two neutrons,
the act of fission.

, As previously reported [1], an investigation of the
yield-mass curve for heavy fragments from the fission
induced by the irradiation of %3 with thermal neutrons
revealed slight departures from smoothness in the curve
at the region A = 141. For a further study of this phenom-
enon, the invéstigation of the corresponding part of the
yield-mass curve for the light group of U fission prod-
ucts is of great importance. Unfortunately, the use of
published data on the absolute yield of sr*® 2] and five

- isotopes of zirconjum [3] produced in the fission of u?s

_is impossible, since the yield-mass curves for zirconium

" were obtained under the assumption that there is no de-
parture from smoothness in the yield-mass curve. Inthis
sense, the results of [4], in which the yields of 518 and
Srgo were determined, are of greatest interest. Knowing
the yield of sr® [2], one may plot an important segment
of the curve. However, the low value of the expected
effect falls within the limits of error of these measure-
ments.

“In the present work we have determined the yield-
mass curve for U™ fission fragments with mass numbers
from 88 to' 96. We used the same sample of y=s [5] on
which the earlier studies were made.

The relative yields of Y%, st® and sr® were meas-
ured on a mass spectrograph by the integral mass-spec-
trograph method [6] with the use of a double-filament
ion source from the ionization surface, i.e., without any
preliminary chemical factionating of the initial solution
of the irradiated U%?® sample. In accordance with the

It is shown that the structure is associated with the moment of

method, the relative coefficients of ionization of yttrium
and strontium were measured: By = 1.0; Bgy = 1.67+
+ 0,02. The mass spectrograms were used to determine
the ratip of the integral ion currents comesponding to the
st® and Y* fragments: 1.35  0.2. Comsequently, the
corresponding ratio of the yield of fragments with A
equal to 89 to that with A equal t0 88 is: fg/ fag = 1.24 &
+ 0.03. The relative yield of sr*® was determined from
the isotopic composition of strontium fragments. The
fact that the Sr™ isotope is absent permitted an estima-
tion to be made of the independent yield of Rb® in U**
fission. Its value 1s smaller or equal to 0. 8% of the ab-
solute yield of sr®, :

Some complications arose in the study of the yield
of zirconium isotopes. It was established that the coef-
ficient of ionization for zirconium was much smaller
than for yttrium. Therefore, to increase the concentra-
tion the zirconium was separated from all the fragment
masses. The separation was carried out by a thorium car-
rier with a double precipitation in the form ofaniodate.
The cerium produced in the process was separated by
recovering Ce "'~ Ce***, Thefinal purification of zir-
conium from the carrier was done by the oxalate method.

After being converted into a nitrate, the purified
zirconium was investigated for its isotopic composition
(Table 1). '

The separation of the zirconium was made neces-
sary, unfortunately, by the impossibility of using the
integral mass-spectrograph method for determining the

TABLE 1. Isotopic Composition of Zirconium Separated from the Solution of Irradiated U**

\

Isotope mass

20 | M

‘ 92 93 94 96

Amount in % 1,90--0,06

20,24-0,2

19,94-0,2 | 24,2+0,1 | 20,040,1 | 16,840,1
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TABLE 2. Results of the Yield Measurements for Light Fragments From U Fission

* Included for comparison with the absolute

**Includes correction for g -decay.

**** Taken as reference.

Group of light fragments ‘ .

relative yield , Group of heavy fragrpepts

fsotope _ absolute yield '
results of the present work ~ data from[3] %, isotope absolute yield,,

Sr8s 0,9284-0,006 - 5,1740,15 Nd1as 5,1940,17
Ys? 1,148+0,030 — 6.361-0,28 Ce'4? 6,064-0,24
Syeo 1,0%* : — 5,584-0,20 prist 5,5740,19
Zr% 0,10924-0,0007%*# — — —
i 1,16 40,03 : 1,12 6,484-0,22 Celt0 6,164-0,24
Zro? 1,14 40,03 1,14 6,284 0,25 La13? 5,914-0,23
Zr%3 1,21 40,02 1,29%%%* 6,754-0,17 Bal3s — _
Zrot 1,15 40,02 1,16 6,434-0,25 Cs!37 6,1610,14
Zros 0,98 40,04 0,96 5,474-0,29 Xe138 —

yield of light fragments,

ko . . . : ; 3 . '
The amount of Zr*® is determined from Sr% for normalizing the yield of the zirconium isotopes.

TABLE 3. Results of the Measurement of the Barium
Isotope Yield in U®? Fission (in %)

Yield in U233

sotope mass i .
[ p Relative abundance fission (%)

0,08+0,02*

136 0, 146-+0,003
137 1,0 -
138 10,9040, 16 6,3510,23

* Yield of C¢t% (Ty = 13 days) produced in the
fission. 2

relative yields of the zirconium isotopes. However,
during the comparatively long period of time (5.1 years)
which had elapsed since the irradiation of the U*® upto
the time of the present measurements, a considerable
amount of Zr*® produced as a result of the g decay of
sr® *  was accumulated in the sample. This permitted
the normalization of the yields of the five zirconium
isotopes with respecttothe SI” yield (Table 2). The fol-
lowing value for the half life of sr* was used in the
normalization: T%= 29.3 + 1.6 years [4]. Theabsence
of natural zirconium in the sample was confirmed by a
number of "blind” experiments.

All relative yields were reduced to their absolute

“values based on the strontium by the method of isotopic
dilution.

To compare the yield-mass curves for light and
heavy fragments [1], the Ba® yield had to be measured.
The measurement was made by the integral mass-spec-
trograph method. The Bal®® and Pr!4! lines corresponding

" to the integral ion cuments of these masses were com-
pared on the mass spectrograms. The results of the meas-
urements are shown in Table 3. The presence of the
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Ba™ isotope is explained by the § decay of the cst
(TL = 33 years). The presence of Ba™ among the frag-

. ments made it passible to determine the independent

yield of cs™%® produced directly during the s fission
(but not the entire chain of the decays of A = 136):

-
J

e B, Ba® (stable) »

13 days

From the measurements, the yield-mass curve was
plotted for the light fragments from the fission of U
which, for the sake of clarity, was combined with the
corresponding part of the yield-mass curve forthe heavy
fragments. Here, on the decreasing parts of the curves,
where the errors of measurement of the yields do not
essentially distort the shape of the curves, the data of
other authors was utilized. It is seen from the figure that
the sum of the mass numbers of the two fragments pro-
duced in each act of fission is 232, i.e., the light and
heavy fragments seem to lose, on the average, one neu-
tron. In the region A = 86-89 the emission curve for
light fragments is displaced with respectto that forheavy
fragments in the direction of smaller masses by one mass

" unit, since the light fragments in this region emit, onthe

average, not one but two neutrons each, This result is
not unexpected. In [7-9], where the yield-mass curves
were measured for Um'fission, a similar explanation for

‘this phenomenon is given. This conclusion is in good

agreement with the experiments of Fraser [10], from
which it follows that the light fission fragments emit
approximately 30% more secondary neutrons than the
heavy ones.

* Ap estimate indicates that the possible independent
yicld of 2™ does not exceed the crror of measurement.
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' As may be seen from the figure, iﬁelrél'a;iv_.e yields
of fragments with A equal to 91 and 92 agree within the
limits of error of the meésurements But the lack of
smoothness of the yield-mass curve in the regmn A=
= 89-91 leaves no room for doubt.

In fact, the yield of fragments with A = 90 is far
smaller than the yield of fragments with A equal to 91
and 89. It is also seen that the fragments with A = 93
have the maximum yield not only among the zirconium
isotopes, which is in agreement with the data on the iso-
topic composition of zirconium. (3] (see Table 1), but
* also among all liglit fragments. Thus, just as in the
case of heavy fragments, a fine structure is observed on
the part of the curve under investigation.

When the fine structures in the region of heavy and
light fragments are compared a similarity is evident.
The shape of the yield-mass curve for light fragments
in the region A = 89-93 very closely follows that for the
heavy fragments, but it is displaced by one mass unit in
the direction of the light masses since the region of the
light fragments emitting two neutrons is not bounded by
the mass number 89, but extends further into the region
of heavier masses. Here, there is evident not only a
qualitative, but-also a quantitative, agreement between
both fine structures. It may be assumed. that both fine

20
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Yield-mass curve for fragments from U fission.

_%— data from the present work (errors of measurement

shown on the curve are ermros in the relative yields;
A-data from [1} X-mass-spectroscopic and radiometric
data of other authors; — light fragments; - - - heavy
fragments; . part of curve not investigated.

' structurés ate produced simriultaneously and that their

relative displacement from one another by one mass
unit' is explained by the emission of not one, but two
neutrons by the light fragments.”

Both fine structures cannot be explained by the cap-
ture of the neutrons by the nuclear fragments, after the
act of fission, owing to the small value of the capture
cross sections.

The cause for the occurrence of the fine structures
might be the emission of delayed neutrons by the frag-
ments. It is difficult to explain in this way, forexample,
the above-mentioned qualitative and quantitative agree-
ment of both fine structures. A

Consequently, it is most probable that both fine
structures are not only produced simultaneously, butare
also directly associated with the instant of the act of
fission. Therefore, the reason for their occurrence
should be sought in the mechanism of the process of
fission of the U™ nucleus.

The results obtained and the above discussion per-
mit one to establish the boundary of the transition from
the emission.by light fragments of one neutron to the
emission of two neutrons in U®® fission, As may be seen
from the figure, it lies in the region A = 94-96. The
same boundary for U™, according to the data of papers
cited above, is in the region A = 91-93. Itispossible
that this displacement of the boundary is explained by
the slightly greater number of secondary neutrons pro-

duced in the fission of U in comparison with the num-

ber of neutrons produced in the fission of uss, Moreover,
our quantitative estimation of this effect is in good
agreement with various known [11] values of the mean
number of secondary neutrons (») for the act of fission
of U*® and U*%®,. :

The authors thank V. G. Zhuravlev for his photo-
metric measurements of a large number of plates.

LITERATURE CITED

1. V. K Gorshkov, Collection: Physics and Heat Tech-
nology of Reactors, Supplement No. 1 to Atomnaya
Energiya [in Russmn](Atomwdat 1958) p. 1041

2. E. Steinberg, ] Seiler, A. Goldstein, and A. Dudey,
USA AEC, report MDDC- 1632 (1948).

3. E Steinberg, L. Glendenin, M. Inghram, andR. Hay-
den, Phys. Rev. 95, 867 (1954). ‘

4. M. P, Amkma R. N. Ivanov G. M. Kukavadze, and
B. V. Ershler, Atomnaya Energlya 4, 198 (1958). T

9. G. M. Kukavadze, L, L. Gol'dnin, and M, P, Anikina,
and B. V. Ershler, Materials of the International Con-
ference on the Peaceful Uses of Atomic Energy ."4
[in Russian] (Geneva, 1955) (Izd. An SSSR 1957) .

p. 275.

6. V. K. Gorshkov, Pribory i Tekh.Eksp. No. 253 (1957).
J. Petruska, H. Thode, and R. Tomlinson, Canad.

J. Phys. 33, 693 (1955).

1 Original Russian pagination. See C. B, translation.

651

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8




Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8

8. J. Petruska, E. Melaika, and R. Tomlinson, Canad. ~ 10. J. Fraser, Phys, Rev. 88, 536 (1952); 93, 818 (1954).
J. Phys. 33, 640 (1955). . 11, R Leachman, Proc. Intern. Conference on the Peace-
9. E. Melaika, M. Parker I. Petruska, and R. Tomlinson, ful Uses of Atomic Energy. 2 (Geneva, 1955) (United
Canad. J, Chem. 33, 830 (1955). S Nations, New York) p. 193. .
|
|
\
|
|
|
|
652

Declassified and Approved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8




120 cm CYCLOTRON

Declassified and Applroved For Release 2013/02/21 : CIA-RDP10-02196R000100040002-8

A. G. Alekseev, M. A. Gashev, D. L. Londysh, L. F. Malyshev,
I. M. Matora, E. S. Mironov, N. A, Monoszon, L. M. Nemenov,
V. V. Pirogovskii, N. A. Romanov, N. S. Strel'tsov, and N. D. Fedorov

Translated from Atomnaya ﬁnergiya, Vol.1, No. 2, pp. 148-158
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The basic data on a cyclotron with a pole-piece diameter of 120 cm are given. The arrangement of the princi-
pal parts of the system, the design features of the individual units, the radio frequency (rf) installation, the meth-
od of measuring and correcting the magnetic field, the features of the deflection system, and'the method of fo-
cusing the beam on a remote target are all described. Deuterons are accelerated to an energy of 13.7 Mev in
this machine. The use of a deflection system with focusing properties makes it possible to use magnetic quad-
ruple lenses with small apertures which bring practically the entire deflected beam to a remote target. The para-
meters of the machine are such, that it will be possible to increase significantly theenergyof the accelerated ions

in the future.

In 1955, the Scientific Research Institute for Electro-
physical Apparatus and a group of colleagues of the In-
stitute for Atomic. Energy, Academy of Sciences, USSR,
were presented with a problem: to develop a cyclotron
which would provide intense beams of protons, molecu-
lar hydrogen ions, deuterons, o particles,and multiply
charged jons. It was required that the cyclotron be re-
liable in opération, relatively simple to operate, and
have adequate shielding against penetrating radiation.
In order to carry out experiments with a minimum level
of background radiation from the cyclotronthe ionbeam
is steered through the main shielding wall into an ex-
perimental area which has its own shielding, Conditions
have been created for experiments with fast neutrons and
for determining the neutron velocity spectrum by time-
of - flight methods. The cyclotron can also be used for
producing artificial radioactive isotopes, In the design
of the cyclotron,a good deal of attention has been paid
to radiological safety techniques; the basic operation
of the machine is carried out by remote control.

The cyclotron laboratory is located in a two-story
building with a sublevel. Figure 1 shows a plan of the
first floor. of the cyclotron laboratory and the arrange-
ment of the apparatus. Part of the auxiliary equipment’
is located in the sublevel. The second story houses
laboratories, a library, a construction department and
other installations.

The constructional work for this cyclotrot laboratory
was carried out by the Leningrad Construction Institute.

Electromagnet and Correction of the
Magnetic Field

The cyclotron magnet is shown schematically in
Fig. 2. The beams and uprights of the electromagnet

‘\

are fabricated from three sections made up of St-3
sheets 40 mm thick. The weight of the heaviest section
is less than 12.5 t,s0 that the magnet can be assembled
and disassembled in the cyclotron room by means of a
bridge crane with a loading capacity of 15 t.

The winding of the electromagnet consists of two
series - connected coils 6.5 t in weight, which are made
up of copper tubing with dimensions 20 X 5 mm. Each
coil consists of seven sections which are cooled by dis-
tilled water. All fourteen sections of the windings are
connected in parallel across the water manifold. The
water flow in each parallel branch is monitored by means
of a flow switch.

The diameter of the pole pieces of the magnetand
the ceiling of the chamber is 1200 mm; the distance
between the pole: pieces is 345 mm; the ceiling thick-
ness is 72.5mm; the gap between the top and bottom is
170 mm. On the pole pieces of the magnet, there are
two auxiliary uncooled windings of 500 twrns each which
are designed for a maximum current of 5 amp..

The power supply for the main windings of the elec-
tromagnet is a motor generator which provides dc power
at 135 kw. The cwrent in the windings is stabilized with
an accuracy of 0.03% for a line-voltage change of +10%
and a line-frequency change of +2%. The stabilization
is realized by means of a standard BT-4 unit, which
operates on a change of voltage in a shunt connected in
the circuit of the magnet coil. The current is controlled
by potentiometers, which are located atthe central con-
trol panel.

~ The design of the magnet has been carried out by
N. N. Indyukov, E. A. Bezgachev, and A. V. Klimov,
under the direction of B. V. Rozhdestvenskii and B, E.
Gristkov.
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Fig. 2. Schematic diagram of the magnet. 1) upper
cross piece; 2) lower cross piece; 3) vertical post
4) pole pieces; 5) main winding; 6) auxiliary winding;
Ty roof of the acceleration chamber.

The magnetization curve is measured by an absolute
method by means of a rotating cylindrical coil, which is
placed at the center of the working gap in the accelera-
tion chamber. The measurement of the radial decay of
the magnetic field is carried out by use of a differential
method. The radial coordinate of a movable coil is de-
termined with an accuracy of + 0.5 mm. The error in
the measurements of the field intensity is less than 0.01%

of the field strength at the center. The error in the meas-

urements of the azimuthal nonuniformity is 0.007% of
the field at the center. The position of the median mag-
netic surface is determined by the magnetic-weight

technique, which has been developed by V.V. Pirogvoskii.

In order to investigate the effect of the position of
the median plane of the magnetic field on the vertical
displacement of the beam, we have used the auxiliary
coils on the pole pieces of the magnet (cf. Fig. 2). The
coils are connected in opposition so that the vertical
field components produced by the coils cancel each
other, while the radial components add. By means of
these coils, it is possible to displace the beam of accel-
erated particles in the chamber, in the vertical direction
without disturbing the resonance conditions.

The terminal radius of the cyclotron is 525 mm.
The total field decay at this radius is 2%. In order to
correct the magnetic field we use both internal rings
and discs, which are located in the gap between the pole
pieces of the magnet and the bottom and top of the
chamber. Each gap is 15 mm high. In Fig. 3 we show
the dependence of field strength and the field index on
radius. The dimensions of the inner and outer correction
elements are also shown.

The azimuthal correction of the magnetic field is
accomplished by means of steel pieces (5 x 100 x 250
mms), which are moved in the-radial direction in the
.gaps between the pole pieces and the top and bottom of
the chamber. The motion is carried out by a control
system which operates from the central control panel;
this unit has indicators which indicate the position in
the poles.
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Fig. 3. The field intensity and field decay index of a
function of radius: 1) curve showing the variation of
magnetic field strength AH, M, o (H, cop = 14.7 koe;
2) curve showing the change in the logarithmic magnet-
ic field decay index n; 3) outer correction disc; 4) in-
ner correction ring.
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The amplitude of the first harmonic of the azimu-
thal nonuniformity of the magnetic field in the operating
" region is 6-10 oe before correction and 3 oe after cor-
rection. ' o
The medium plane of the magnetic field is less
than 5 mm from the median plane of the chamber.

Design of the Resonant-Line Chamber

The frame of the chamber is made from aluminum
plates, which are connected by rubber gaskets. The ceil-
ing of the chamber and the inner correction rings are
made from St-3. The inner surfaces of a chamber ceil-
ing and the correction rings are copper plated to a thick-
ness of 0.05 mm, thus providing the required conductivity
for high-frequency currents. The electrical connection
between the top and bottom and the horizontal plates of
the chamber is made by means of a system of spring
contacts. The position of the top and bottom with re-
spect to each other is determined by the regidity and
accuracy with which the frame of the chamber is made;
the departure from parallelism in the top and bottom in-
side the chamber is less than 0.05 mm. By means of
four rollers, which are located on the frame, the cham-
ber can be moved out of the magnet gap on rails which
are provided for the purpose. '

The resonance system of the cyclowon consists of
two coaxial lines, a transition section (throat), the cham-
ber.and the dees (Fig. 4). The tanks for the coaxial lines
and the throat are made from steel and are rolled be-
tween copper sheets to which the water-cooling tubés are
soldered. The design of the tank flanges, which connect
the resonance line to the transition section and the tran-
sition section to chamber provides reliable electrical
contact. The coupling sections of the resonance system,
to which the dees are attached are duraluminum pieces
rolled between copper cylinders, which are provided with
water cooling. The dees can be moved in the vertical
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Fig. 4. Diagram showing the arrangement of the acceleration chamber and the resonance lines: 1) input feed-
through insulator for the high voltage input of the deflection system;  2) vinyl plastic coil system used for cool-
ing the high-voltage electrode in the deflection system; 3) adjustment device for the dee; ' 4) tank for the re-
sonance lines; - 5) ports for adjustment of the coupling loop; 6) copper sheet; 7) coupling loop; 8) coil forthe
magnet; 9) coupling section of the resonance line; 10) transition sections; 11) yoke of the magnet; 12) auxil-
iary windings; 13) roof of the acceleration chamber; 14) dees; 15) frame of the acceleration chamber; 186)
line to vacuum gauge; 17) ion source; 18) rails for location of the acceleration chamber; 19) stand supports
for the rails; 20) wrolley; 21) water distribution manifold; 22) vacuum-pump installation; 23) wimmers; 24)
observation window; 25) rotatable probe; 26) extraction window; 27) units for strengthening the acceleration
chamber; 28) dewars with liquid nitrogen; 29) location rods: for the contacts of the shorting plates; 30) de-

flection system; 31) shorting plates.

and horizontal planes and can be rotated about the axis
of the coupling section without disturbing the vacuum

- by means of an adjustment device which is on the out-
side at the ends of the resonance lines.

The wavelength of the resonance system is varied
from 18 to 34 m by motion of the shorting plates, which
have spring contacts. The plates are provided with a
mechanism which breaks the contact when the plates
are in motion,and makes the contact when the plates are
in a fixed position. The plates can be moved without
disturbing the -vacuum by means of a special mechanism
which is located on the ends of the resonance lines. The
fine tuning is carried out by remote control by varying
the position of plates (trimmers) with respect to the dees.
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The dees are made from rigid duraluminum stock,
which is protected by copper sheets 1.5 mm thick. The
cooling tubes, which are soldered to the sheets, are in-
side the cavity formed by the dees. In order to reduce
the activation of the wbes by the accelerated particles
the tubes are covered by. graphite shields. The height of
the dees is 86 mm (inside 70 mm).

In the central portion of the dees there are remov-
able water cooled extension sections, which reduce the
effective width of the accelerating gap. The deflection
system is located in one of the dees.

For convenience in assembling and disassembling of
the apparatus, the resonance lines with the dees can be
removed from the chamber on a special trolley; the
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system is separated outside the magnet windings at the
point at which the tanks connect with the transition sec-
tion. The vacuum connections to the transition section
are left in place in this operation. The trolley moves
along a track at the end of which there is a stop system,
which is designed for assembly and disassembly of the
cbupling sections and adjustment of the resonance-line
elements. A special trolley is used for assembly and dis-
assembly of the accelerating chamber and the transition
section, which is connected with it. - On the trolley, there
are rails which connect with the rails used for setting up

the chamber. The acceleration chamber and the resonance .

line have been designed by A, L. Alyat’ev, L F. Zhykov,
and N. N. Rymyantsev under the direction of B. L Pro-
duvnov.

Resonance System and rf Generator

The quality factor of the resonance system of the
cyclotron has been measured with a standard signal gen-
erator with atmospheric pressure in the chamber and is
found to be 5000. -

The resonance system of the cyclotron is driven by
a multistage generator through two coaxial feedersand
a coupling loop which is located on the tanks. The rf
generator operates in the wavelength range from 18 to
36 m at a power of 120 kw. The potential difference .
across the dees is 160-200 kv. If necessary, the genera-
tor can be driven by an external source. - ’

A block diagram of the rf. system is shown in Fig. 5.
The generator consists of a four-stage exciter (continu-
ously tuned) and a five-stage power amplifier. - The last
stage (fifth) is capacity coupled to the feeder.

The first stage of the power amplifier, Which isa
transition from the single-ended exciter to the following
push-pull stage, isa single-ended circuit(GU- 80 pentode)
with 'a symmetric anode circuit. The second stage is a
push-pull stage in which two GU-80's are used. The fol-
lowing stages of the power amplifier make use of disc-
seal grid triodes (in the third 2 GU-104, in the fourth a
GU-22A, and in the fifth a GU-23). Tubes of this type
are characterized by a minumum inductance in the grid
lead and a small cathode-anode capacity.

The use of pentodes and a system of stages with a
common grid makes it possible to operate the generator
over the required wavelengthrange without nenwralization.

The rf generator is characterized by ahigh-frequency
stability (at least 10'4') and features simple methods for
changing the frequency and voltage applied to the dee.

During the proving-in-operation, partial breakdowns
in the chamber lead to glow discharges which can dam-
age the dees. Hence, provision is made for self-excited
operation of the power amplifier of the generator. In
this case, the feedback voltage from the resonance cir-
cuit of the cyclotron is applied to the grid of the first
stage of the power amplifier through a separate feeder
with a special phase shifter. When a breakdown occurs,

the self-excitation becomes inadequate and the voltage
to the dees is automatically reduced.

The generator circuit makes it possible to apply a
pulsed supply to the dee circuit for examining new modes
of operation under conditions of minumum activation
and for carrying out special investigations. For this pur-
pose, there is a modulator which generates pulses of va-

_riable width at repetition frequencies from 5 to 300 cps

which is applied to the grids of stages I and I1 of the
power amplifier. The modulator is also used in an auto-
matic circuit for protecting the dees and the tubes in the
generator from accidental breakdowns. The protection
system also operates 'in the nonpulsed operation of the
generator.

The thyratron rectifier of the rf generator is supplied
from a motor-alternator unit which makes it possible to
vary and stabilize the anode voltage of the generator
tubes with an accuracy of ¥ . The voltage to the dees
is controlled from the central control panel by varying
theanode voltage ofstages1Vand V of the power amplifier.

The design of the rf generator has been carried out
in the G. M. Drabkin Laboratory by R. V. Vanatowskii,

R, Yu. Protasovskii, and Yu. F. Tsibul'skii under the di-
rection of A, S. Temkin.

Vacuum System

The acceleration chamber and the resonance lines

.a.re pumped by two oil vapor units (VA5-4) with a total

capacity of 2500 liters/ sec.

Two VAOS-1 vacuum units provide the required
vacuum in the mbe through which the ion beam passes
to a remote target. The total capacity of these units is
at least 250 liters/sec. The volume in which the target
is located is pumped by a single VA2-3 unit with a ca-
pacity of 500 liters/ec.

The vacuum units are provided with nitrogen traps
for condensation of the oil vapors. All units have valves
with manual and remote control, which are closed auto-
matically if there is a deterioration of the vacuum. The
capacity of the pumps is indicated taking account of
losses in the nitrogen traps and the valves at a pressure
of 1 °107° mm Hg,

The preliminary pumping for operation of the diffu-
sion pumps is carried out by two mechanical pumps
(VN-T). The rough pumping is carried out through a
separate line, which is directly connected with the cy-
clotron chamber and the other evacuated volumes. The
remote control of the vacuumn at specified points of the
apparatus is provided by ionization gauges, magnetic
discharge gauges, and thermocouple gauges, Special
cutoff valves are used t6 make it possible to replace
damaged gauges without disturbing the vacuum, The
devices used for monitoring the vacuum and illuminated
signals are located at the central control panel.

The vacuum system has been designed by Ya. L.
Mikhelis and N. M. Karpenko.
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Central Part of the Cyclotron and Ion Source duction of atomic hydrogen ions or molecularhydrogen

The initial motion of the ion is an important factor
in the acceleration process [1, 2]. Calculations of the
ion motion for the present machine have been carried
out by I. M. Matora.

In order to reduce the energy spread in the external -

charged-particle beam, the ions from the source are ex-
tracted in one dee. In order to weaken the phase bunch-
ing of the ions, the distance between the breaks in the
dees in.the horizontal and vertical direction is reduced

by means of special removable extruding sections(Fig. 6).

Fig. 6. Ion source andcentral part of the dees: 1) roof of
acceleration chamber; 2) head of the ion source; 3)
extraction dee; 4) extrusion section of the dees; 5)
plane part of the extrusion with the slit; 6) location
unit for locating the frame of the ion source; 7) ion
source frame,

In the extraction dee, the extrusion is a plane electrode
with a slit 7 X 25 mm, which essentially avoids any
inhomogeneity in the electric field which would cause
defocusing of the ion beam in the vertical direction: The
geometry of the center is chosen on the basis of a calcu-
lation of the initial motion of the particles.

This cyclotron makes use of an ion source of theslit
type with an incandescent cathode (tantalum filament
3 mm in diameter). ‘The filament can be replaced in
the source without disturbing the vacuum. Gas is admit-
ted to the source by means of a special device [3]

When the source is supplied with deuterium or hy-
drogen,a current of 30-40 ma can be extracted from it.
By changing the point at which hydrogen is applied in
the gas discharge space, it is possible to favor the pro-

ions. The current of o particles extracted from the source,
when helinm is used is approximately 10-15 times small-
er than the deuteron current. .

Deflection System and Beam Focusing
on a Remote Target

The cyclotron described here makes use of a deflec-
tion system with an inhomogeneous electric field [4, 5]
The design of the deflection system used in the present
machine has been carried out by I. M. Matora. The ad-
vantage of this'system, as compared with a'convenient
system (uniform field), lies in the fact that in addition
to deflecting the beam of charged particles, thissystem
compensates for the defocusing effect of the fringing
field of the magnet.

The deflection system (Fig. 7) consists of two parts.
The first part, which is essentially the same as that which
is used conventionally, extends over an azimuthal angle
of 40°. The distance between the electrodes varies from
6 mm (at the beginning) to 12 mm (at the end). The
grounded electrode of this part of the system is made
from tantalum or tungsten 0.2-0.8 mm in thickness.

Section AA

rlllilllllll
Sy //II (“\

Fig. 7. Diagram of the deﬂectipn system. .1) poten-
tial electrode (profile equation x —y = 10 8 mmz)

2) grounded electrode (profile equation e —y =26.8
mm?).

The electrodes of the second part of the deflection
system constitute a section of a hyperbola. The azimu-
thal dimension of this part of the system is 60°. The dis-
tance between the electrodes is 16 mm. The grounded
electrode of this part of the system is made from graphite. .
All the electrodes of the deflection system are water cooled.
The electrical breakdown strength of the deflection sys-
tem is such that voltages up to 70 kv can be used. The
voltage comes from a 100 kv kenotron rectifier. The ex-
traction coefficient of the deflection system is 40-50%,

The distance between the extraction port and the tar-
get located in the experimental room is 9 m. Thediverg-
ing beam beyond the output port is focused by two mag-
netic quadrupole lenses (Fig. 8). As is well known, the
use of magnetic lenses mecans that the focus can be va-
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ried over wide distances along the optical axis. Because
of the focusing effect of the deflection system, it hasbeen
found p'ossible,to use ML-5 quadrupole lenses, which have
a relatively small aperture (139 mm). The opt'icai design
of the focusing system for the external beam has been
carried out by Yu. G. Basargin. )

The magnetic field gradientin the lenses is 350 oe/cm.
The nominal excitation current is 60 amp. The current
is stabilized withinx 1% by a stabilizer. The windings
of the magnetic lenses are water cooled.

The magnetic lenses can be moved + 20 mm in the
vertical direction and + 10 mm ‘in the horizontal direc-
tion (along and transverse to the axis of the vacuum tube),
‘The diameter of the vacuum tube along which the ex-
tracted beam of charged particles moves is 100 mm. The
design and- construction of the quadrupole lenses is due
to N. A, Ostrovskii and N. L Konovalov.

In order to reduce the level of the neutron background
from the cyclotron inthe experimental room, we make
use of an electromagnet which steers the beam through
an angle 13°. The pole piece of the magnet is trapezoi-
dal (sides 366 and 434 mm;,and height 300 mm). witha
winding current of 21 amp (voltage of 110 v),a magnetic
field of 4500 oe can be produced in the gap between the
pole pieces (100 mm).

In order to make it possible to measure the beam
current and the intensity distribution over the cross sec-
tion ofthebeam, and to be- able to obtain radioactive iso-
topes, the cyclotron is furnished with special probes. The
arrangement of these probes isshownschematically in
Fig. 8. Probe & isused for measuring theion current at
different radii inside the acceleration chamber (50 to 525
mm). This probe can also be used to measure the currentin
the deflected beamn. The probe is moved by remote control
by means of an electrical drive system. The position of
the probe is indicated at the central control panel. Probe
4 is used for obtainingradioactive isotopes. By rotatingthe
probe, the beam of ions can be distributed over a large
surface so thatthespecific heatload canbereduced. The
single-electrode probes 7-10 are used to measure the
current distribution in the beam in both the horizontal and
vertical directions. These probes are used primarily for
adjustment of the focusing system in beam extraction
and for monitoring the operation of the cyclotwon.

Conclusion

withthiscyclotron itispossible toaccelerate deu-
terons to an energy of 13.7Mev, in which case the current in
the terminal radius is more than1ma. The extraction coef-
ficient with the deflectionsystem described here is 40-50%.
The focusing effect of the deflection system means
that it is possible touse magnetic quadrupole lenses with a
small aperture. and that prabtically all of the currentin the
deflected beam can be brought to a target located in
" the experimental room,
The designofthe edgé of the extraction electrode
in the deflectionsystem issuch that it is impossible to with-
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stand the extended heat load produced by the current of
more thanl ma which is obtained at the terminal radins.

Fig, 8. Diagram of theion
tube; 1)acceleration cham-
ber; 2) extraction dee; 3)
deflection system; 4) rota-
table probe; 5) central probe;
6) port in the acceleration
chamber for beam extractiomn;
7-10) probes for monitoring
the external beam; 11)vac-
uum pumps for evacuating the
~.ion tube; 12) magnetic quad-
rupole lenses; 13; deflection
magnet; 14) vacuum gauges;
% '15) vacuum chamber for the
target; 16) vacuum pumps
. for evacuating the chamber;
-, 17) vacuum valve.

Hence, inpractice, the current in the deflected beam is
limited to 100-200 pa. The cross sectionof the beam
focused on the remote target is 15 X 20 mm ; thus, the
current density at the target is 40-80 #a /em? Currents
of this magnitude are more than adequate for carrying
out most experiments and also make it possible toobtain
radioactive isotopes outside the acceleration chamber,
There is good reason to believe that the deuteron
energy in this machine can be increased-to 15-16 Mev
with a relatively small reduction in the ion current at
the terminal radius. By accelerating ions of molecular
hydrogen, without readjusting the resonance circuit of
the cyclotron, it is possible to obtain protons with ener-
gies of 7.5-8 Mev. It is apparent that a particles can
be accelerated to energics of 30-32 Mev; under these
conditions, the bcam current is approximately 10-15
times smaller than when deuterons or protons are accel-
erated. The wavelength used in the resonance circuit of
the cyclotron and the potential difference between the
dees (200 kv) mcans that in this machine it is possible
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to accelerate protons directly to an energy of 11 Mevat
approximately the same beam currents as with deuterons.
The machine described here has been found very
reliable in operation. Special dosimetry measurements
indicate that the concrete shield used for penetrating
radiation provides absolutely safé operation for the oper-
ating personnel and experimenters. The monitor and
shutdown system guarantee operation of the machine

under operating conditions which satisfy all rules for
radiological safety.

The systems used for control signaling and construc-
tion of the special electrical installations are due to
V. S. Lyublin, N. B. Nevrov, P. S. Gornikel' who worked
under the direction of G. S. Gordeichik.

An external view of the cyclotron is shown in Figs.
9 and 10. Similar systems constructed in the Soviet

Fig. 10. General view of the cyclotron from the beam extraction side. The mag-
netic quadrupole lenses are shown at the left.
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Union are now operating in the Rumanian National Re-
public, the German Democratic Republic, the Chinese
National Republic,and the Polish National Republic, A
machine of this kind is also being completed in the
Czechoslovakian National Republic.

The tests of the first cyclotron of this kind were car-
ried out in 1956 by workers of the Scientific Research In-

stitute for Electrophysical Apparatus,including L. N. Baulin,

R. N. Letunowskii, Yu. G. Basargin, A. V. Stepanov, G. A,
Nalivaiko, M. D. Veselov, V. A. Suslov, and A. L Aritonov.
Work on these tests was shared by workers from the Insti-
tute for Atomic Energy, Academy of Sciences, USSR,
including 1. L Afanas'ev, A. A, Arzumanov, and R A.
Meshcherov. The deflection system and the magnetic
quadrupole lenses were tested by workers at the Scientific
Research Institute for Electrophysical Apparatus. in 1956
with the cyclotron of the Institute of Physics of the Aca-
demy of Sciences, Ukr. SSR, including V. A, Kovtun, The
cyclotron was constructed under the direction of ‘A, A,
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Mozalevskii, L. N. Fedulov, V. V Romanov, and K A,
Asirev.

The authors wish to thank E, G. Komar for valuable
advice, F. K. Arkhangel'skii for great help in tests ofthe
first cyclotron and D. G. Alkhazov for discussion of a
number of problems connected with the design of the
cyclotron.
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LELers Lo tne Lauor

DISPERSION MECHANISM OF FLUIDS IN A BUBBLE-TRAY
EXTRACTION TOWER, AND A ME THOD FOR INTENSIFYING IT
N. P. Galkin, V. B. Tikhomirov, N. E. Goryainov, and V. D, Fedorov
Translated from Atomnaya éne‘rgiya, Vol.7, No, 2, pp. 15_9->160, »

August, 1959
Original article submitted March 31, 1959

Equipment invol ving the use of perforated (sieve) trays
has met with great popularity in extraction operations,
since perforated trays are simple in design, show little
sensitivity to the-presence of solid particulate matterin
the process fluids, and are comparatively inexpensive.

The effectiveness of extraction in those equipments,
as in other extraction gear, is dependent in the first in-
stance on the amount of surface available for phase con-
tact between the liquids. It is,therefore, very important
to know the mechanism governing the formation of that
contact surface in the process of relative fluid flow.
This facilitates the study of the processes taking place
in bubble-cap tray extraction towers, and of ways for
intensifying the processes.

The amount of phase contact surface available de-
pends largely on the degree of dispersion of the liquids,
which is in mrn determined by the relationship of the.
forces on a drop of liquid during its continuous advance
‘through the column.

The dimensions of a liquid drop are determined by
the equilibrium prevailing between inertia and surface
forces. The inertia forces bring about atomization of
the drops as they collide with one another and with the
trays, while the surface forces, characterized by the val-
ue of surface tension, bring about coalescence of the
drops. The size of the droplets is therefore dependent
on the extent to which inertia forces are capable of
overcoming the surface tension of the liquid phase.

The quality of the phase contact is characterized
by the relationship of forces determining the frequency
at which liquid is renewed in the tray orifices, since re-
newal of the contact surface occurs in the small layer
of liquid immediately adjacent to the orifices.

The insufficient efficiency of conventional perfor-
ated- tray extraction towers owes to the fact that surface
tension forces have a considerable edge over inertia
forces, since the value of the latter is determined solely
by the difference in the specific weights of the liquid
constituents, At the same time, theuse of similar equip-
ment in application to gas (vapor)-liquid systems, e.g.,
in fractional distillation, yields good results. The high

- efficiency of fractional-distillation bubble-cap tray
equipment is due to the fact that inertia forces in the
latter are proportional to the difference in the specific
weights of the vapor-liquid system, which is far in ex-
cess of the difference in the specific weights of two
droplet- phase liquids.

A comparison of the operation of bubble-tray equip-
ment in liquid—liquid systems and gas (vapor)-liquid

~ systems led to this concept: could not the energy of

flow in an extraction column be increased by introduc-
ing a system of gas into a bubble-tray extraction tower
through use of the forces acting 1n fractionating towers?

Overhead
hght c

Heavy
phase .

Light [ 7] N
phgase .

* Heavy phage

Fig. 1. Diagram of a
tray tower with air
mixing,

This approach to the problem of increasing extraction-
efficiency merits attention further because, in the ab-
sence of other known methods for introducing additional
energy from external sources (mechanical mixingdevices,
pulsed column, etc.) into a system of liquids, this ap-
proach does not result in more complicated design-of the
equipment, and involves no additional difficulties at-
tendant upon actual use. Similarproblemshave notbeen
posed by other researchérs, and data on that questionare
not available in the literature. '

The considerations mentioned above have been
fully confirmed by experimental data and have led to
the design of a bubble tray column with air mixing, as
shown in Fig. 1.

The column with air mixing differs from the con-
ventional extraction tower incorporating sieve wrays
solely in that the lower portion of the column, where
the light fraction is admitted, has air fed into it. Down-
comers are omitted, and all of the streams pass through
the same orifices of the downflow type trays. Thestable
mode of operation of the column is observed at air-flow
speeds not in excess of 0,03 m/sec through a cross sec-
tion of the column. Whenthe flow rate of airis increased
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beyond that point, bubbles appear between the liquid,
droplets; tending to diminish the effective surface avail-

able for phase contact between thie' liquids, and corre:

- spondingly reducing the separative capacity of the ‘col-
umn, . Furthermore,- at air-flowrates in excess of 0.1
m/sec the normal operation of the extiaction unit is
impaired because of the appearance of a porous foamon
the trays, since the air-flow rate through the total cross
section of the column begins to exceed the rate atwhich
bubbles of air entrained in the liquid freely escape.

" The rate of air mixing assumed makes it possible
- to maintain a comparatively high value of the fluid dy-
namic loadings on the columns. It is interesting tonote
that the upper limit of the air-flowrate in an extraction
unit embodying air mixing is the lower limit of the air-
flow rate of bubble-cap tray equipment in gas-liquid
systems, since the normal mode of operation of an ex-
traction column is the bubble flow mode.

Investigations of bubble-cap tray towers with air
-mmixing, carried out on a water-nitric acid—uranyl ni-
trate—tributylphosphate system in kerosene demonstrated
that the separative capacity is almost three times as
high as in conventional packed towers. The total liquid
load amounted to ~ 300 cubic meters per sq. meter per
hour at optimum air-mixing conditions. In studying the
dependence of extraction efficiency on the rate of air
mixture, it was revealed that the optimum conditions
are amrived at at air-flow rates of 0.01-0,03 m/ sec
‘(Fig. 2). The losses in extractant discharging with the
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Fig. 2. Effect of rate of air flow on séparative potennal
of extraction unit.

The height equivalent to a theoretical sta ge (HETS)

for columns without air mixing, is arbitrarily as-

sumed to be 1000 mm.

air from the column may be neglected, since they are
quite small.

The investigations performed, showed that extrac-
tion towers incorporating air mixing are highly efficient
and highly productive, so that further study in this field
is of unquestionable interest.
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SEPARATION OF MIXTURES OF ZIRCONIUM AND NIOBIUM
BY REVERSED-PHASE PARTITION CHROMATOGRAPHY

'S. Sekerski and B. Kot’linska

Radiochemical Laboratory of the Institute of Nuclear Research of the Polish Academy of Sciences, Warsaw
Translated from Atomnaya Energlya ‘Vol. 7, No.2, pp. 160- 161

August, 1959
* Original article submitted April 6, 1959

A method of partition chromatography using tributyl -

~ phosphate adsorbed on silicone- coated silica gel has

been developed; the method was successfully employed

“in the separation of zirconium from niobium.

‘An extraction technique which allows fot separat-
ing substances 'ha'vihg similar chemical properties is often
used for separating mixtures of i inotganic cations. But in
the case where the distribution constants differ on]y

slightly; however, theextraction process mustberepeated

through quite a few runs on the countercurrent principle
usmg a series of separatory funnels, for example, or an
“These methods are not very conven-

sorted to under laboratory conditions. ' The merits of
extraction and of the chromatographic technique are

"' combined in'partition chromatography, particularly in

reversed-phase bartition chromatography, where the

" organic solvent phase is the stationary phase. This tech-
* nique has already been in use for some time in the sep-
’ aration of brganic substances [1].

We attempted to use
the Teversed- phase partition ch:omatography technique

to separate mixtures of inorganic cations, using wributyl-
phosphate (TBP) adsorbed on siliconated silica gel as

© the stationary phase. To check the efficiency of this

method, we chose the separation of mixtures of zircon-
ium and niobium. The eluting agent used was nitricacid.

Carrier-free radioisotopes Z:® and Nb*® were used
in the work. In experiments involving pure zirconium,
it was separated from niobium by the technique described
in [2]. TBP was purified by sublimation at reduced pres-
sure and heating with a 0.5% solution of NaOH, followed
by a repeated flushing with water. "Hyflo Super Cel”
silica gel with grains of ~ 0.08.mm diameter was sili-
conated with the aid of dimethyldichlorosilane, and was
then dried at 100°C. The silica gel thus obtained ex-
hibited excellent adsorption behavior with respect to va-
rious organic fluids (1 gram of silica gel adsorbed
~ 0.6 ml TBP).

The columns were prepared via two techniques:

1. After loading the column with silica gel, a spe-
cified amount of TBP saturated with HNOg was intro-
duced into the column and TBP-saturated HNO; was
used to flush the column till all air was removed.

2. Thesilica gel was shaken up with a suspension
of TBP in HNOg, and the TBP was then adsorbed on silica

S000}

5000

4 5 6 -7 8
Number of free volumes of co_lumn

Fig. 1, Elution curve for elution of zirconium
. by nitric acid at different concentratons of

latter: 1) 4.0 M HNOg 2) 4.6 M HNOg;

3) 5.1 M HNOq.

“cpm
T

1000 j
1

H 2 3 4 5 5
Number of free volumes of column

Fig. 2. Separation of niobium from zirconium using
4.6 M HNO;.

gel. After removal of air bubbles the mixture was in-
troduced into the column.

Columns prepared by any of the methods described
above showed no appreciable change in their properties,
at least in the course of one month,

Columns 0.5 cm in diameter containing 0.5 g of
silica gel and 0.3 ml TBP were usually employed; the
height of the adsorbent layer was 5 cm.
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Fig. 3. Separation of niobium from zirconium
using 4.6 M HNO; + 0.3% H,0,.

In carrying out the experiment, a small amount
(0.05-0.1 m1) of solution containing active isotopes was
intrtoduced into the top of the column, which was then
washed with TBP-saturated HNOy. The rate of discharge
of the solution-was ~ 0.12 ml/ min-cm 2 Drops of elu-

. ate were collected and evaporated on rosettes of tech-

nical grade paper. The activity was measured by means
of an end-window counter,

The free volume of a column was determined by
using cs™. All measurements were carried out ata
temperature of 21 3 3°C.

Figure 1 shows elution curves for the elution of

zirconium by nitric acid at different acid concentrations.

As is evident, typical chromatographic curves are ob-
tained for zirconium in the TBP (stationary phase)—hitric
acid (mobile phase) system. These curves do not appear
exactly symmetrical, but do not have very long tails.
The position of the peak is strongly dependent on the
concentration of HNQy, and is independent of the rate
of flow of the solution over the range flowrates 0.04-
0.42 ml/min-cm 2

Separation of zirconium and niobium. was carried
out with the aid of 4.6 M HNOy. At that concentration,
the ratio of the partition coefficients of zirconium

and niobium was already large enough, and the curve of

zirconium was not very smeared. As seen in Fig. 2, the
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peaks belonging to the elements are sharply separated
since niobium is detected right after the first free vol-
ume is passed, but the niobium curve has a long tail to
it. Itis possible to obtain niobium of high purity on
separating by this technique, but the radiochemical pur-
ity of zirconium will never exceed 98%. The use of
more highly concentrated HNO; impairs the quality of
the separation, since the niobium curve has a largertail
under those conditions. The reason is probably the fact
that niobium forms complexes with HyOp was used to
good advantage. It was found that, the best _fesults were
ob tained on using 0.1-0.3 % H,0, and 4.6 M HNO;. At
that concentration of HyOp, the niobium curve from the
effluent peaks sharply in a narrow band, and the activity
between the curves drops to a few counts per minutes.
The zirconium curve exhibits almost no displacement,
but is more smeared out and asymmetric in shape (Fig.
3). This complication may be removed with ease by
washing she column down with dilute nitric acid 1mme~
d1ate1y after the niobium appears.

After running a few chromatograms it was discover-
ed that the elution curve of zirconium,left standing for
a few days, became more and more smeared out and
diffuse, but that it again became narmrow and symmetric

. in its geometry after heating of the zirconium in 10 M

HNQ;. This fact indicates that zirconium can probal‘:ly
be found in different forms even in 5 M HNO;, the equi-
librium between the variants becoming establishedslowly.
Separation of a mixture of cations having similar
chemical properties by means of partition chromatoegraphy
using TBP as the stationary phase is thus entirely within
the realm of possibility. Since many cations in the form
of different salts (nitrates, chlorides, bromides) are ex-
tracted with the aid of TBP, it may be anticipated that
the technique described above will prove to be of more
extended value. At the present time, studies are in pro-
gress in our laboratory on the application of this tech-
nique to the separation of rare earths. ’
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COMPOSITION AND DISSOCIATION CONSTANTS OF Pu (V) AND
Pu (III) COMPLEXES WITH ETHYLENEDIAMINETETRAACETIC ACID
A. D. Gel'man; A. I. Moskvin, and P. L. Artyukhm

Transtated from Atomnaya Energlya Vol 7, No. 2, p. 162,

August, 1959
‘Original article submitted January 6, 1959

Up to the present, there have been no data available
in the literature on the formation of complexes by Pu(V)
with anions of acids. It is assumed that Pu (V) possesses
the least affinity to complex formation, compared to
-plutonium compounds of any degree of oxidation.

_ The authors carried out a study of complex forma-
tion by Pu (V) with one of the most powerful chelatmg
agents, ethylenedlammeteu:aaceuc acid (EDTA) 1],
using the ion-exchange method. As preliminary experi-
ments carried out with macroscopic quantities of Pu (V)
indicated, the latter is fully stable for several days. The
original solution of Pu (V) was obtained by reducing Pu

(VD) with hydrogen peroxide at pH = 3-4.

The study of the distribution of trace amounts of
Pu (V) between solutions and KU-2 resin in ammonia
form was carried out both in the presence of the chela-
ting agent and,in its absence ,over the pH range from °
3.3 to 5.1, at an ionic strength ¢ = 0,05 (for 0.05 M

" NH,C1 solution), and at a temperature of 20 + 1°C. Ad-
sorption of PuOj is very limited at higher concentrations
of salt in the solutions (#£> 0.05). The equilibrium be-
tween the solutions and adsorbent on shaking was attained
in less than 3 hr. The content of plutonium in the so-
lutions was ascertained by radiometric means.

It was found that the complex ion PuO,Y*™ (Y*
being the EDTA ligand) formed in the pH interval stu-
died. Its dissociation constant with respect to concen-
tration, calculated on the basis of the equation

1 [PuO3 (Y4
Ce
(where Cc is the concentration of the complex) was
6.8 10 Y Itis intéresting to note that Np (V) also
forms an EDTA-complex of similar composition with
K=4.4-10"12].

The composition and stability of the EDTA com-
plexes of Pu (III), Pu (IV), and Pu (VI) were determined

earlier [3] by means of various physicochemical methods.

It was found, that plutonium, at pH = 3.3 and in the
valence states mentioned, forms complex ions of the
type MY?™# (where z is the charge on the cation), wh11e
Pu (1II) and Pu (IV), also form the complex MpY?2 41

the presence of a large excess of plutonium ions,

We used the ion-exchange method to study complex
formation by Pu (IIf) in EDTA solutions as the pH was
varied from 1.2 to 3.4, when hydrogen- containing EDTA
anions participated with the Y* ions in forming the
complexes. A study of the distribution of Pu (III) be-
tween the solution and adsorbent was carried out, follow -
ing the procedure outlined above, in a nitrogen atmos-
phere and at an ionic strength £'=1 (in 1 M- NH,CI).

The composifion and the dissociation constant K
of the EDTA complexes with Pu (III) were determined
by solving the system of equauons '

C—[Pu“]b [Yo-n [HYs-|» | - -
P a 3 K, T+
n=1 n=1 T
- [LY*] | w [HY]
2 1 3
Z K, + 2 K, M

n=1 "
by the method of least squares. In this equation, C is
the total concentration of all possible forms of plutonium
in the solution at equilibrium; [Y¥ I,[HY® 1[HY* 1
and [H3Y—] are the equilibrium concentrations of the
EDTA anions, which are calculated on the basis of the
equations cited in [4]. The concentration of free pud*
ions was derived from the equation [Pua"'] = o q, where
o is the distribution constant of Pu¥ between the solu-
tion and the adsorbent in the absence of chelating' agent;
q is the amount of Pu** adsorbed by the resin in the ab-
sence of the ligand. The calculations showed that the
complex ions PuY and PuHY", whose dissociation con-
stants are 4.4 ° 10 and 6.2 - 107%, respectively, form
under the conditions indicated.

It is interesting to correlate the pK values of the
MY~ complex ions for trivalent transuranium elements
in the Pu —Cf series (see table below).

It is clear from the Table, that as the atomic order
number Z of an element increases, the stability of com-
plexes of the MY type increases in correspondence with
the reduced ionic radius r of the cation (i.e., with in-
crease in the ionic poten;ial @ =Z/0.

Calculations demonstrated that the pK value of tri-
valent transuranium elements is related to their atomic
number Z by the following equation:

pK = 0.0645 - z 1%, (2
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bissociation Constants of EDTA. Complexes of
Trivalent Transuranium Elements (at k=01)

pK based pK based on U .
Element iterature
| on (2) expenmenta references
data '
Neptunium 17,8 —_ I
Plutonium 18,0 18,1; 18,3* " [3—4]
Americium 18,3 18,16 - 16}
Curium 18,5 - 18,45 16]
Berkelium - 18,8 — —
Californium 19,0 19,09 ‘ (6]-
*The pK value of a PuY~ complex was_converted,
on the basis of Davis' equation [5], for ionic
strength ¢t = 0.1,

The pK values computed by means of this equation for
the complexes. of interest here show satisfactory agree-
ment with the values of the constants found experimen-
tally. By means of (2) we evaluated the pK values cited

in the Table for EDTA complexes of Np (1I) and Bk(I1D,

of the MY~ type. .In the future. it would be interesting
to determine these values experimentally,
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The available data on the stability of EDTA-com-
plex ions of plutomum 1, 3, 4] provide the possibility
of carrying out a comparison of the relative affinity of

¢+ Pu (11D, Pu (1V), Pu (V), and Pu (VI) to form complexes

It is a familiar fact that the complexmg power is en-
hanced as the formal charge on the ion increases and as
the ionic radius decreases, and is also a function of the
structure of the cation itself. A comparison of the dis-
sociation constants of EDTA complexes of plutonium
shows that the affinity for complex formation in the dif-
ferent plutonium ions falls off in the following sequence:

Put* > Pud* > PuO3* > Pu0j,
i.e., in the order of decrease in the ionic potential @
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EXPERIMENTAL DETERMINA TION OF THE TRUE SPECIFIC
HEATS OF URANIUM, THORIUM, AND OTHER METALS

E. A, Mit'kina

Translated from Atomnaya Energlya Vol. 7, No. 2 pp. 163 165.

August, 1959
" Origirial article submitted April 1, 1959

The true specific heats of uranium, thorium, beryl-
lium sodium, and a bismuth-lead alloy, were deter-
mined by a relative heating and cooling method [1]
and an absolute method involving the use of an elec-
tron-radiation calorimeter {2]. ' :

The cooling and heating method was modified
somewhat. Specimens (or control blanks) of cylindrical
form ( ¢ =15 x 15 mm) were selected, since the cool-
ing conditions for such specimens were characterized by

low values of the Biot modulus (below 0.05), so that the

variation of temperature with time for any point on the
cylinder might be assumed to be uniform. :

- Applying the appi:opriate mathematical reduction
of the cooling curves [3], the ’fc')llowing formula was -
obtained for determiningthespecificheatofaspecimen:

ST -
e(t)=¢, (1)7’1—" ' (1)

where c,(1) is the specific heat of the reference stand-
ard; G, is the weight of the reference; r, is the cool-
ing time of the reference; G is the weight of the spe-
cimen; rt is the cooling time of the specimen.

In order to avert oxidation of the specimen and
reference standard, experiments were carried out in an
inert-gas atmosphere and in a vacuum.

The specific heat in the electron-radiation calori-
meter was determined on the basis of equation

(.?u ! (2)
where Q is the amount of heat mtroduced into the sample
by electron flow, during a time 7, equal to 0.239 Ivr.
(where 1 is the amount of current; v isthe voltage be-
tween the heating filament and the specimen, which
acts as the anode); G is the weight of the specimen;
At is the change in the temperature of the specimen.

The electron-radiation calorimeter was operated
in the following fashion: at a distance of 4-5 mm from
the test sample, i.e., the anode, is placed a tungsten
heater filament 0.05 mm in diameter, supplied by stor-
age batteries at a voltage of 4-5. A potential difference
of the order of 200 v is supplied for a time 7 across the
heater filament and the specimen, Any temperature
increase in the specimen is sensed by a thermocouple,
The primary temperature of the specimen is determined
by balancing the heat produced by the electric furnace
4, the heater filament, and the cooling by water of
the quartz envelope of the calorimeter.

-7

Electron-radiation
calorimeter,

The vacuum system assures a vacuum of the order
of 5 - 10"° mm Hg in the calorimeter. The design de-
tails of the calorimeter may be seeninthe accompany-
ing diagram. The calorimeter is assembled on a sup-
port consisting of a bellows covered by a flange using
lead packing. The support has a water cooling jacket,
and is equipped with a duct connected to a diffusion
pump. A specimen holder 1 consisting of a glass tube
with a system of crossbars soldered to it bearing on

‘picein lubricant. is passed through the flange, thecross-

bars serving to hold the cathode filament 2 in tension,
to provide a lead-in for the anode conductor 3, the
thermoelectrodes 4, and for mounting of a thin dual-
channel mbe for the thermocouple 5, while at the same
time, serving as a support for the test sample 6. A
quartz frame 7, needed to fasten the winding of the

_ electric heating unit, supports a radiation screen 8, the

latter made of tantalum foil. The quartz frame is fas-

tened to the.flange by two long brass pins 9, which con-
duct current to the heating unit 10. The entire appara-
tus is enclosed in a quartz envelope 11, mounted on the

- flange with picein lubricant..

The sample was weighed on analyncal balances
mounted on a chromel-constantan thermocouple and
placed inside the calorimeter. In determining the spe-.
cific heat of the melt, the latter was placed inside a
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TABLE 1. Characteristics of Materials Tested

Material Degree of purity, in % .'|Thermal conductivity, ' séeciﬁc heat, é'al7g‘-’C ‘
| kcal/m-hr-°C
Uranitim . . oo vvuennns 99,72 19 at  20°C 0,03 at  20°C
Thorium......e0ve0n. 99,81 26 at  20°C 0,03 at 20°G
ge?{llrll}llm e rssenc e 99,80 100 at  20°C 0,4 at  20°C
A‘hé; seeeeeecc e i Technical grade 5 at  100°C 0,3 atr 100°C
(Pb 43.5%, Be 56.5%). . . . 10 at 150°C 0,03 at 150°C

TABLE 2. Results of Measurements of the True Specific Heats of the Materials Tested

Specific heat, cal/g"C
°C
’ . . ' ) . Alloy (Pb 43.5%,
Uranium Thorium Beryllium Sodium Bi 56.5%) -
80 0,0268* 0,0250* 0,465* — 0,0298*
100 0,0284* 0,0268* 0,490*. 0,320% - 0,0332%
150 — v - 0,320* 0,0350*
200 — — — 0,320* 0,0353*
250 — 0,0315* — 0,320* 0,0355%
, 300 0,0345* 0,0330+ — 0,320* 0,0355*~
" 350 0,0362* 0,0340+ 0,615+ 0,320* 0,0355%~
400 0,0378* 0,0350* 0,635° 0,320 0,0355%+
450 01,0394+ 0,0360+ 0,655* — 0,0355%*
500 0,0410* 0,0365* 0,672+ — < 0,0350%
550 0,0425* 0,0374* — - ' —
600 0,0440+ 0,0380* — - —
650 — 0,0388+ — — —
700 — 0,0390* — — -
Note. Asterisks denote specific heat data obtained by the relative method, while crosses denote data
obtained in the electron-radiation calorimeter. ’

hermetically sealed thin-walled metal crucible of known
specific heat. The setup required a vacuum-and con-
trolled heat conditions for satisfactory operation. The
anode voltage, the anode current, and the time during
which the current flowed were measured; changes in
the temperature of the specimen were recorded on a
PPTN-1 potentiometer. '

Table 1 gives the characteristics of the materials
tested, based on data from several papers, while the
results of measurements of the specific heats of those
materials are entered in Table 2.

The relative error in the determination of specific
heat by the cooling and heating method may be repre-
sented as the sum of the relative errors incurred in find-
ing the values entering into (1), and were evaluated at
1.5-2%. '

The fact that the cathode filament was positioned
in close proximity to the specimen inside the electron-
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radiation calorimeter brought about radiation heating,
which restricted the lower temperature limit of the
measurements to 200-250°C.

- The experimental error associated with electronic
heating of the specimen (work function of the electrons,
thermal energy introduced by electrons in the sample)
amounted to approxirhately + 2%. The relative error
incurred in the specific heat determinations was + 1.5-
1.8%, '
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MEASUREMENT OF ELECTRICAL RESISTIVITY OF
PILE-IRRADIATED BOILING NITROGEN

Yu. K. Gus'kov and A. V. Zvonarev

Translated from Atomnaya E‘nergiya, Vol.'?, No. 2, pp. 165-1686,

August, 1959
Original article submitted April 18, 1959

In.studying radiation-induced dislocations in solids,
experiments on the irradiation of such solids overa broad
range of temperatures,starting with the lowest tempera-
tures, are called for. Low-temperature conditions may
be attained by cooling the samples to be irradiated using
liquefied gases. Liquid nitrogen (boiling point ~196°C)
is the most readily available of these. In addition, nitro-
gen has a low activation cross section, which facilitates
handling of the liquefied gas.

We carried out measurements of the electrical re-
sistivity of liquid nitrogen after irradiating it'in a reac-
tor. The diagram shows the Dewat vessel in which the
measurements were carried out.

The electrodes used were two copper plates each
2.4 cm? in area, which were soldered to the cores of a
0.75 mm diam BPTE cable, which was fixed in place .
inside copper leads. The metal braiding of the cable

Dewar vessel:

1) aluminum bottom;
2) rubber spacer disk;
3) aluminum tubing,
¢ =40 x 1 mm; 4)
glass Dewar; 5) cop-
per tubing, ¢=38x

x 0.5 mm; ©) cable;
7) tubber packing; 8)
copper plate; 9) copper
electrode,

\
was stripped from a length 10 mm around the spot where

the electrodes were soldered on. The spacing between

elelctrodes was 5 mm. The Dewar vessel had a capacity
of 118 g liquid nitrogen. The resistivity was measured
‘by a TO- 1 instrument (over a range of measurement of
10° - 10” ohm).

The electrical resistivity of liquid nitrogen subjec~
ted to an in-pile bombardment in a nuetron and gamma
flux of 101‘l particles per cm? per sec was reduced to 10%
ohm/ cm®, and dropped to 4 10° ohm/ cm® ina flux of

1.5+ 108 particles per cm? per sec.

This resistivity was retained until the liquid nitro-
gen was evaporated down to the level of the electrodes.
The resistivity in the interval between the electrodes .-
began to fall afterwards. When the liquid nitrogen had
been completely driven off, the resistivity of the inter-
electrode spacing dropped to 7 - 10" ohm/ cm®,

When irradiated in a reactor, liquid nitrogen boiled
vigorously -and the time required for its evaporation was
reduced by the order of one magnitude. The values.cit-
ed for the electrical resistivity (10'% and 4 - 10° ohm/
/ cm ) are therefore - with reference to what actually
takes place within an environment of liquid nitrogen.

“The relation between the changes in the resistivity
of boiling nitrogen and the level of the irradiation flux
is close to a linear function. The nonlinearity may be
explained by an increase in the vapor content in the
boiling nitrogen owing to increased evolution of energy
within the walls of the Dewar flask, inthe electrodes, and
in the nitrogen itself, as the flux is increased.

It is to be noted that not only the average vapor
content in the medium in question, but also the distribu-
tion of vapor content relative to the test sample, which
is a factor dependent on the concrete experimental con-
ditions, must be taken into account in evaluating in-pile
experiments involving irradiation of materials in a li-
quid-nitrogen atmosphere.

In conclusion, the authors would like to take this
opportunity to express their gratitude to A. K. Krasin,
Doctor of Physical and Mathematical Sciences, for his

‘kind interest in the work, and to A. G. Vishnyak, for his
* kind assistance in the execution of the experiment.
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USE OF THE REACTION O!® (a, n) Ne?! TO DETERMINE |
THE CONCENTRATION OF ALPHA- ACTIVE SUBSTANCES

IN AQUEOUS SO LUTIONS

V. V. Ivanova, A L Nazarov E. V. Polunskaya
- A. G. Khabakhpashev, and E. M. Tsenter
Translated from Atomnaya Energrya, Vol. 7, No.-2, pp. 166-168,

August, 1959
COriginal article submitted January 24, 1959

The amount of alpha-active substances present in
aqueous solutions is usually determined either by sample
analysis or else by using an alpha counter place above
the surface of the solution. . Neither method is suitable
for highly alpha-active solutions, since sample‘_analysis
contaminates the working area. and use of an alpha
- counter placed above the solution complicates the situ-

ation greatly, because the background rises rapidly dur-
ing rinsing or replacement of the counter. :

In certain cases, the amount of alpha-active sub-
stances present in an aqueous solution canbe determined
by measuring the neutron yield® of the reaction ot
(a, n)Neu. Notwithstanding the fact that a natural
mixture of oxygen isotopes containly only 0.204% of the
isotope 018, the neutron yield is sufficient for the deter-
mination of the amount of alpha-active substances, ow-
ing to the large cross section of the (a, n) reaction for
the isotope 8 [1]). Such a method permits standard
measurements to be carried out remotely and without
disturbing the airtightness of the system.

In the present work, we determined the sensitivity
of the method, dependence of sensitivity on the volume
of active solution, effect of composition of the solution
on neutron yield, and the permissible limit of gamma
background.

For the case where the neutron counter was placed
in a special sleeve in the center of a cylindrical tank
of the active solution, the sensitivity of the method was
approximately determined (number of counts recorded
by the counter for an alpha-active substance concentra-
tion of 1 C/ liter):

n
N=A4 z N;, @)
i=1
where A is the number of neutrons per second per cubic
centimeter of solution for an alpha-active-substance
concentration of 1 C/liter; Nj is the number of counts
recorded by the counter from the ith region of the tank
(Fig. 1) for a neutron-source density of. 1 neutron/cc-sec.
For a nitric acid solution of polonium, the quantity
A was experimentally found to be equal to 1.6, The
quantity N; was measured with a Po-a-Be neutronsource
in a tank of 84 liters volume (43 cm high, 50 cm in dia-

meter), An SNM-91 counter served as a neutron detector.
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Sleeve - -

~ Neutron countei
. Solution

" Fig. 1. Experimental ammangement for measure-
ment of the concentration of alpha-active sub-'
stances in solution by means of neutron yleld '

The sensmvu:y in this case was found to be equal to 330
counts/ min,
Taking a summation in (1) up to the kth regron

(k< n) gives the sensitivity for the volume Z Vis
L=

surrounded by a layer of water of volume 2 V;

i=h
(where V; is thé volume of the ith region of the tank).
The dependence of the sensitivity on volume was deter-
mined in this manner (Fig. 2).

The effect of composition of the solutién on neutron
yield can be found by the following method. ' If the com-
position of the solution is determined by using element
weight concentrations oy, oy, o, ---(cte is the concen-
tration of the elément on which the (o, n) reaction oper-
ates), then the atomic concentration of the ith. element
(number of atoms per cubic centimeterwill be a5 PNo/ A
where pis the density of the solution, Ny is Avogadro's
number, and A; is the atomic weight. - If the relative

* Determl’natlon of the concentration of o -active sub-
stances by neutron yield was proposed by E. V Polunskaya
and A, 1. Nazarov.

"1 The counter operates in the corona discharge cycle,

The counter cathode is covered with amorphous natu-
ral boron {2].
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Fig. 2. Dependence of sensitivity on volume
of the alpha-active solution for.a concentra-
tion of 1 C/liter.

stopping power is. denoted by §; , then the stopping pow-
er of the i_th element on conversion to cubic centimeter
_ NowipSi

Bi=—71 @

The range of alpha particles in the element on
which the (o, n) reaction operates is

m= Bo = 1 )
m

L2 @S/

Bot B AT,

3)

which is numerically equal to the ratio of the neutron
yield from a solution composed of n + 1 elements to the
yield from a pure-element target, provided that the
identical alpha activity exists.

Knowing the stopping powers and weight concentra-
tions of the elements making up the solution, one can
determine the dependence of the relative neutron yield
on the composition of the solution. These determinations
showed that neutron yield is little affected by variation
of the solution acidity within wide limits or by the ad-
mixture content. Thus, for example, using a nitric acid
concentration change from 1IN to 8N, the neutron yield
decreases only by 2%. This results was verified experi-
mentally.

If the solution contains uranium or plutonium, the
neutron yield will be increased because of fission of
U and Pu® nuclei, and will be decreased because of
the stopping power of alpha particles by the atoms of
these elements. Evaluation of these effects showed that
for a uranium concentration in the solution of 100 g/liter
(natural mixture of uranium isotopes), the neutron yield
increases 2.6% because of fission neutrons and decreases
3% because of alpha stopping. Thus, the addition

T e
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of uranium to the solution has practically no effect on
the neutron yield, provided one can neglect the alpha
activity of the uranium itself, For a plutonium concen-
tration of l'g/ liter in the solution, the neutron yield in-
creases 10% because of fission neutrons, and this change
in the neutron yield must be taken into account during
calibration. :

The -addition of several light elements having high
(o, n) reaction cross sections-can increase the neutron
yield and introduce error into the measurements. The
permissible concentration of light elements can be de-
termined by simple computation. Thus, the neutron .
yield incréases by 1% for a concentration of 8mg/ liter
of beryllium, 1.4 g/liter of aluminum, or 0.42 g/liter
of sodium. : '

The method described above was verified experi-
mentally with polonium solutions. A KN-14 ionization
chamber was placed in the sleeve of the tank (see Fig.
1) containing the solution. The recording apparatus
was located 30 meters from the tank. The equipment
registered 720 counts/ min for a solution concentration
of 1 C/liter; hence, it was possible to determine polo-
nium. content as low as 10-12 mC/ liter. Measurements
of the polonium concentration by means of the neutron
yield were checked by a calorimetric method. In all
cases the deviation did not exceed 4%, The first calor-
imetric measurement was used as a calibration,

The neutron yield from a solution of 0.5 liter vol-
ume was measured with a fast-neutron scintillation '

s
31915
[ [y ‘a’ \
— — 0. 1
E gzj A
Q ot
200 2 ¥

< )
) o
i)

1501 15-

07 \ . ,\ \ ‘
\ : \\\\QT lead

Permissible activity, g-equiv/liter

06
1004 104 05 \\ without lead

04 -

d T~

\On-\

03 3 cm lead 1
501 5

02t

o1
104 11

10 20 30 40 S0 &0 70 80

_ .Volume, liters
Fig. 3." Dependence of limiting permissible concentra-
tions of gamma-active substances on volume of the
solution for various thicknesses of lead shielding.
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counter. The scintillator was made of paraffin and zinc
sulfide. For a polonium content of 1 C in the solution,
10 counts/min were recorded. These measurements
were also calibrated by the calorimetric method§ the
deviations did not exceed 10%,

If it is absolutely necessary to determine the con-
centration of an alpha-active substance in a solution
which also contains a significant amount of gamma-emit-
ting elements, thenitis convenient to use 3NM-9 counters,
which can operate in gamma fields of 1000 r/hr. The
sensitivity can be increased 20- to 30-fold by connect-
ing several enriched-boron counters in parallel. More-
over, it is possible to measure the plutonium concentra-
tion in the solution, beginning at 20-30 mg/liter with a
permissible. gamma- gctive substance concentration equal
to 0.6 g-equiv/liter. With the use of lead shielding, the
limiting permissible concentration of gamma-active .
substances can be increased significantly. Figure 3 shows
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the dependence of the limiting permissible concentration
of gamma-active substances on volume of the solution
for various thicknesses of lead shielding.

Thus, the method described above permits remote -
determination of the amount of alpha-active substances
in a solution without disruption of airtightness. By this
method, one can measure concentrationbegirining at
1-2 mC/liter, while various admixtures to the solution
have only a small effect on the measured results.

The use of lead shielding permits measurements
with gamma-active substance concentrations in the solu-
tion of approximately 150 g-equivAiter.
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GAMMA-RADIATION OF THE FISSION FRAGMENTS

OF U 2% AND Pu2?¥
Yu. I. Petrov

Translated frdm Atomnaya énergiya, vol. 7, No,
August, 1959 v
Original article submitted March 27, 1959

With the aid of air-equivalent ionization chambers
and a Geiger counter, the y- radiation of fragments. of
U and Pu®™ was investigated over a wide range of
times (0.6 sec - 11 hr) after the targets were subjected
to ‘pulsed irradiation in the thermal neutron flux of the
heavy-water nuclear reactor of the Academy of Sciences,
USSR [1]. The short--duration irradiation of the targets
( 1 sec) was accomplished by a pneumatic arrangement.
Ionization measurements were performed at various dis-
tances from the taigets in air and in water. Flat thin-
walled (1-2 cm) hermetic plexiglas chambers with alu-
minum foil electrodes 13 thick were used. The ioniza-
tion currents, after having been amplified by a constant-
current balanced amplifier, were recorded by a loop
oscillograph. By the use of over-all negative feedback

{2, 3]in the amplifier, the real effective-input-time con-’

stant of the amplifier RC = 1.5 sec was decreased to the
value (RC)qr = 0.01 sec. The number of fissions inthe
targets was determined by the B activity of copper in-
dicators;irradiated together with the target.which were
calibrated with the aid of a fission chamber containing
known weights of U%8 or pu®® (the method was developed
in 1952 by O. L Leipunskii, P. A, Yampol'skii, and

V. N. Sakharov). The weight of U™ and Pu® in the
targets was determined by comparison with the y acti-
vities of the simultaneously irradiated targets and stand-
ard samples of natural uranium or Pu®®. The comparison
was made under standard conditions with the aid of a
Geiger counter. It was shown that within the limits of
experimental error (10%), the y radiations of the Us
and Pu®® fragments have the same decay kinetics, the
same mean energies of the y qﬁanta,' and the same
total y-ray energy-yield per fission. Because of this,
the results are for the most part given below for U=,

After corrections were introduced for the decay of . .

the fission products during the time of exposure of the
targets in the reactor, our results were extrapolated to
the time t = 0.05 sec after fission by the method of join-
ing with the data of L'L. Levintov'and V. N, Shamskev.
In 1952, these authors used a Geiger counter to measure
the kinetics of the y radiation of fragments of U and
Pu239 in time intervals of 0.05-3 sec and 0.05-0.7 sec,
respectively, after irradiation (a 1072 sec pulse) of the
samples by slow neutrons, and didnot find anysignificant

2, pp. 168-111,

diffetence between the data for U® and Pu”®. The re-
sults of the measurement of ionization currents in water
are well approximated by the formula "

ir, t) =1.16 X
x 107% [10.73 exp(-0.238 r) + exp(-0.07751)] {1.78 X
X exp (-3.14 1) +.1.825 exp (-0.545 t) + exp (-0.091 1)]

amp/ cm®- fission, )
where 0:05 =t <14 sec; 8.2 =r.=70 cm-and the cur-
rents are referred to 1 cm® of the volume of the chamber
and to one fission of the U#®,

The data from several sources for the kinetics of the
short-lived y. radiation of the fragments are shown in
Fig. 1. The curves combine at t = 2 sec, It is interest-
ing to note the coincidence of the data for U5 fission
by thermal neutrons and the fission of nawral uranium
by 14 Mev neutrons (the experiments by O. L Leipunskii
and co-workers in 1952).

Figure 2 shows the kinetics of y radiation of Uz_"’5
fragments according to the data of ionization measure-
ments in air. The initial portion of the curve is described
by (1) to within the limits of accuracy of the measure-
ments (10%). A much sharper drop-off ("% in the y
activity of the fragments was obtained in measurements
made with a Geiger counter [5] (for a time interval of
1.25-17 sec) than what follows from our data. Measure-
ments of the y activity of the fragments in the time
interval 24 sec-11 hr were carried out jointly by us and
G. G. Petrov in 1953, using a lead-walled Geiger counter
(wall thickness 1 mm) and an aluminum-walled Geiger
counter (wall thickness 4 mm). The decay curves for
both counters are described by a common formula in
overlapping sections (5-10 hr). The results of the meas-
urements taken with the aluminum-walled counter are
shown in Fig..3. o )

The separate components of the total y radiation
of the fission products are differently attenuated in pass-

' ing through the Scattering medium; as a result, the de-

cay curves measured at various distances from the tar-
gets can be distinguished from each other. The correct-
ness of (1) for the distance interval 8.2-70 cm, and the
coincidence of the decay curves for measurements in
water and air indicate a rough similarity in the compo-
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in-air for t = 1 sec.

nents and an approximaté constancy in the average enet-
gies of the y quanta of the fragments during the first few
seconds of decay. Tle constancy of the average cncrgy
of the y radiation of the fragments of U®® during a 5
minute periodafter fissiomhasbeemexperimentally cstab-
lished [6].
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Fig. 5. Energy yield of y radiation of fragments f)cr

U™ or Pu*® fission: ,

1) data of the presént study;. 2) total energy of 8

y- radiation, and neutrino B]1; 3) data of Fermi and
- King [B8]; 4) data of Moon and Hoffman [8]; 5) data

of [6);. 6) data of [9].

Approximation of the curve E.y (1)

Figure 4 gives the spatial distiibution of y radiation
in water for y quanta with energies of 0,41, 1.25, and
2.8 Mev [7]. ‘Crosses and a dotted line are used to plot
the data for radiation of fragments according to meas-
urements in water (1) and air. for t = 1 sec. The dif-
ference A.ln ir? as a function of y-quantum energy for
r =70 cm is shown above. It is evident that the average
of the y radiation of the fragmenis hy v 1.5Mev. This
estimate of the energy of the y radiation of the frag-
ments is sufficiently accurate, since it automatically
takes into account the effect of multiple scattering of
y quanta in a dense medium. Experiments with the
absorption of a collimated beam by copper and aluminum
filters gave a value of hy, = 1.6 +0.3 Mev for the first
few seconds of decay [5].

We determined the total energy yield of the y ra-
diation in 1 sec per fission E_ (t) by three independent
methods: 1) by integration of the spatial distribution of
the dosage in water; 2) by the data from the ionization
measurements in air, under the assumption thathy =
= 1.5 Mev; 3) by comparisonof the y activities of targets
made of U?®, Py, and standard Na® samples, all ex-
posed together to thennal neutrons. The comparison was
made with the aid of a thin-aluminum-walled Geiger
counter for which the dependence on the quanmm ener-
gy of the recording efficiency in the energy range 0.2-3
Mev was nearly [10] linear, consequently making the
counting rate proportional to the energy flux of the y ra-
diation. The results of the measurements made by the
first and second miethods are the same, to within an ac-
curacy of 5%, The results of measurements made by the
third mctl}lod coincide with the data from the ionization
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Interval of time | . - E,m, Mev
after fission - o sec - fission
.0,05—14 sec | - - 0,18 [1,78 exp (—3,14¢) + 1,825 cxp (—0,545 ¢)--exp (—0,091 z)]
10—60 sec ' , 6,26-107% {2,18 exp (_0 159 t)+exp (—0,0239 ¢)}
60—7200 sec o 1, 145 t~
1,513 br - o 2,07.10~¢ ¢—1:45

measurements in water within the limits of experimental ucts as a single statistical collection {8}, Unpublished
error ( ~ 10%), in the overlapping portions of the decay  results of Fermi and ng, and also Moon and Hoffman,

curves (25-60 sec). were taken from [8].
An approximation of the curve E_ (t) for various in- The results of [6] are evidently lower by a factor of
tervals of decay time is listed in the table. : more than 1.5 as'a result of inaccurate calibration of the
A summary of the results for E,, (t) is shown in Fig.  apparatus. The reason for the discrepancy between our
5. .Curve 2 gives the theoretical values of the total data and those of [9]is unclear.
energy of the radiation (8 ', y radiation, and neutrino) The author thanks Prof. O. 1. Leipunskii for propos-

obtained by comsidering the totality of the fission prod-  ing this subject and for his scientific assistance.
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A NEUTRON DETECTOR WITH CONSTANT SENSITIVITY

TO NEUTRONS WITH ENERGIES FROM 0.025 to 14 Mev
P. L. Vatset, S. G. Tonapetyan, and G. A. Dorofeev
Translated from Atorhnaya finergiya, Vol. 7, No. 2, pp. 172-174,

August, 1959
Original article submitted April 11, 1959

A neutron detector consistingof a boron counter and
a cylindrical paraffin block in which the counter was
placed is described in [1, 2). This detector possesses a
constant sensitivity to neutrons in the energy interval
from a few hundred kev up to 5 Mev and a drop in sen-
sitivity outside this interval. It is impossible to measure
neutron flux sufficiently accurately using such a detector
even if the neutron energy is within the limits of the
range of constant sensitivity of the detector, since the
calibration of the detector is usually made using stand-
ard sources (Ra-’ct-Bé, Po-a-Be)  which have a complex
neutron spectrum, whichranges to energies above 11 Mév.

The sensitivity of a similar detector depends not
only on the configuration and dimensions of the paraffin
block, the role of which was explained in [1], but also
on the dimensions of the boron counter and its position
in the paraffin block. We somewhat modified the con-
struction of the detector and investigated its sensitivity
to neutrons of various energies for different modes of
placement of the boron counter in the paraffin block. A

drawing of the neutron detector is shown in Fig. 1. The
configuration and dimensions of the paraffin block were
taken from {1]. The dlameter of the boron counter was
increased to 30 cm.

The counter was filled to a pressure of 140 mm Hg
with enriched BFg (70% B'), with a plateau 300 wide at
a working voltage of 1700v.

The increase in the diameter of the boron counter
led to a relative increase in its sensitivity to fast neutrons.
One can explain this qualitatively in the following man-
ner. On encotntering the paraffin block, the neutrons
are slowed to thermal energies. At the front part of the
paraffin block, where the apertures are located, thermal
neuwons are formed mainly at the expense of slow neu-
trons, while at a greater depth, they are formed at the
expense of fast neutrons. The diffusion length of ther-
mal neutrons in paraffin is of the order of 2-3 cm. The
"effective diameter™ of the paraffin cylinder, from which
the thermal neutrons are likely tostrike the boron counter
because of the presence of the apertures, is greater at

1\\Iichrome wire ¢ 0,1 mm
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Fig. 1. Diagram of the neutron detector.
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the front part of the block than at the rear part.

The relative increase in the "effective diameter”
due to an increase in the diameter of the boron counter
is greater for that portion of the detector where this di-
ameter is smaller; i.e., for fast neutrons, which alsoin-
creases the detector's relative sensitivity to fast neutrons.

The study of the sensitivity of the detector to neu-

"trons of various energies, was carried out under conditions
of good geometry. The background from scattered neu-
trons was at most 6%, A 1 Curie Sb™ gamma source
located at.a distance of 20 cm along the axis of the de-
tector did not bring about any significant change in its
sensitivity to neutrons. Thestrength of the standardsource
of neutrons was known to within an accuracy of +3%.
Relative measurements of the strength of Sb-Be, Ra-Be,
Na-D, Na-Be, Po-a-Be neutron sources, and of a source
whose spectrum approximated that of fission neutrons,
were made in accordance with a method described in
[3] with an error of at most + 1.5%,

The flux of 14 Mev neutrons from the T(d,n) Het
reaction was determined by using the o-particle yield.

The position of the boron counter relative to the
front face of the paraffin block was checked by the use
of marks made every 10 mm on an aluminum tube 50
‘mm in diameter in which the boron counter was placed.
The space between the counter and the aluminum tube
(see Fig. 1) was filled with paraffin to the 0 mark, co-
inciding with the origin of the sensitive region of the
counter.

It is clear from F1g 2 that the sensitivity of the
detector falls when the boron counter is shifted inside
the paraffin block. This is explained by the fact that
when the beginning of the counting volume of the counter
approaches the front face of the paraffin block, the por-

_tion of the thermal neutrons escaping from the block
which are intercepted by the counter decreases; upon

further shifting, the start of the counting volume of the
counter is buried in the paraffin and moves away from
the neutron field, determined by the distribution of ther-
mal neutrons in the front layers of the paraffin block.

It is clear that the lower the energy of the incidentneu-
trons, the stronger this effect is manifested. The absolute
drop in detector sensitivity is 14 Mev neutrons is explained

" by the small diameter of the working portion of the par-

affin block.

The dependence of neutron enetgy onthe sens1t1v1ty
of the boron counter is depicted in Fig, 3 for vari-
ous positions in the paraffin block. The results of the
measurements show that in position 3 the detector pos-
sesses practically constant sensitivity for neutrons with
energies from 0.8 to 14 Mev. For the interval from
0.025 to 14 Mev the best approximation to a constant
sensitivity was obtained in position 1. In this case, the
sensitivity of the neutron detector in the 0.025-5 Mev
interval was constant within the experimental error of
the measurement ( + 3%) and drops by 11% for neutron

* energies of 14 Mev.

In conclusion, the authors consider it theii' duty to .
express their gratitude to K. D..Sinel’nikov, A. K. Val'ter,
L V. Kurchatov, and L N. Golovin for their interest in
the present study and their assistance rendered during
the progress of the work. The authors also thank T. L
Lyashenko and L. Ya. Kolesnikov for taking part in va-

rious phases of the work,
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News of Sczence and Technologv

ALL UNION SYMPOSIUM ON RADIOCHEMISTRY

V N. Shc hebetovsku

A symposium devoted to the study of the state of

trace amounts of radioelements in solution met in Lenin-

grad, March 3-5, 1959. Over two hundred representatives
_ from various scientific research institutions of Moscow,
Leningrad, Kiev, Novosibirsk, Tbilisi, Gor'kii were in

attendance; 28 reports and papers, which elicited con-

siderable interest and a lively discussion, were heard.

“ The symposium reviewed the research carried out
by Soviet radiochemists on the state of radioelements in
solution, and outlined the pathways pointing to the ui-
timate solution of that problem. In a report by L E.
Starik entitled, " Contribution to the problem of the
molecular state of trace quantities of radioelements in
solution,” it was noted that most of the attention in stud-
ies on the state of radioelements in solution has been
centered on the ion-dispersed colloid and pseudocolloid
forms, while the molecular form has hardly been studied

" at all. The method of adsorption on hydrophobic non-
ion-exchange surfaces (ftoroplast-4 [Kel-F), paraffin)in
combination with studies of the effect of different salts
on adsorption behavior, aided in the successful discovery
of the existence of a molecular form of zirconium, polo-
nium, americium, promethium found in trace concentra-
tions in solutions of different composition.

Several reports (I E. Starik, N. 1. Ampelogova,
F. L. Ginzburg, L. I. D'menkova, L A. Skul'skii, L. D,
Sheidina) dealt with the study of the state of ultralow

concentrations of radioelements in solutions. By employ-

ing a variety of techniques (adsorption and desorption,
ultrafiltration, centrifugation, electrophoresis, deposition
on metals) the authors determined the pH regions in
which the radioelements are found in ionic, colloidal,

or pseudocolloidal forms. It was found that zirconium
exists in the ion-dispersed state upto pH = 1.5, americum
up to pH = 5, protactinum up topH = 3. Zirconium passes
over into the form of a true colloid at pH = 4, americium
at pH = 9, protactinium at pH = 5, The state of polonium
over a wide range of pH values (1-14) was also determined.

M. N. Yakovleva and M. A. Shurshalina suggested
the use of the dialysis technique in studying the state of
the uranium carrier in natural waters. A positive feature
of this method is its simplicity, and the possibility and
feasibility of employing itunder field conditions.

Several reports dealt with research into the state of
radioelements in solution, where ion exchange techniques
‘were applied. The method of relative absorption curves
was used by V. L Paramonova and E. F. Latyshev in their
studies of complexing of tetravalent ruthenium with chlo-
rine ions. The existence of four forms of ruthenium:

[Ru(OH),]2*, [Ru(OH),CL]°, [Ru(OH),Cl,]>~, [RuClg],

)
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was detected in the 1 N HCI-1 N HC10, system, depend-
ing on the concentration of h’ydroch'loric acid. A report -
delivered by K. B. Zaborenko, A. V. Zaval'skaya, and
V. V. Fomin, touched on the question of ion-exchange
determinations of the composition and of the instability
constants of complex cerium oxalates. The existence
of the [CeC,0,]* ion, whose formation constant is 1.1-104
at an ionic strength of 1, was detected. By using theion-

- exchange method combined with solubility determina-

tions, A. I Moskvin discovered that complex formation
of plutonium and americium with anions of oxalic, phos-
phoric, and othylenediéminetetr_aacet'ic acids proceeds
stepwise with the relationship between the discrete forms

of the complex ions behaving as a function of the con-

cenuation of the chelating ligand. It was found that

.the complexmg powet of several plutonium ions falls off

in the order of increase in their ionic potential,

A. M. Trofimov and L. N. Stepanova proposed a
new method for determining the amount of charge on
ions of radioelements in solution, using ion exchange
resins having different swelling properties. The method
was used for investigating the dependence of the amount
of charge of zirconium in nitric acid solution on the
acidity of the latter; it was demonstrated that use of
the proposed method also aided in monitoring the progress
of the polymerization process of ions of the radioelement -
in solution. N, V. Vysokoostrovskaya, A. M. Trofimov,
and B. N. Nikol'skii, with the aid of the jon-exchange
and potentiometric techniques, proved the absence of
any appreciable chelation between potassium and ethyl-
enedlarnmetetraacenc acid.

Determinations of the state of the compound to be
extracted, in the organic phase, had notable value in in-
vestigations of the extraction process. ltwasshown that
the degree of hydration of UO{NG;) in several ethers and
esters fallsoff in the transition from the first membersof a
given homologic series to the later members; addition
of benzene and chloroform involves lowering of the de-
gree of hydration (V. M. Vdovenko, E. A. Smirnova).
The degree ofhydration of nitricacid in dibutyl diethylene
glycol ether proved to be 1.72 (V. M. Vdovenko, N. F.
Alekseeva,.and the degree of solvation, lound by the
dilution technique, was 1 (V. M. Vdovenko, A. S.
Krivokhatskii).

A. K. Laviukhina reported that determinations of
the dependence of the partition coefficient between the

 organic and aqueous phases on the concentration of the

elements made it possible to establish the state of a
substance in solution and to find the range of concen-
trations over which complexing, polymerization, or dis-
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sociation of the compounds to be extracted occurs. In
investigating the aniline extraction of sexavalent tung-
sten from hydrochloride media, V. I. Kuznetsov and

P. D. Titov discovered a sharp increase in the partition
coefficient when molybdenum or vanadium was added
to the solution. The observed coextraction phenomenon
is explained by the authors as the formation of mixed
isopolyanions and may serve usefully in studies of the
state of the substance in dilute solutions.

A separate panel session was devoted to the study
of the state of hot atoms, and toseveral related questions
in radiation chemistry. A. N. Nesmeyanov reported on
the displacement of hydrogen in benzene by recoil atoms
P”. Asn, Sbm, demonstrating the fact that the forma-
tion of phenyl-derivatives may proceed along the line
of "epithermal" reactions. B. G. Dzantiev reported on
reactions between recoil atoms, which were products of
the nuclear reactions Li¥(n, &) T and N (n, p) c!% ina
medium of cyclanes. It was established in the experi-
ments that together with a trace of the original com-
pound, tagged reaction products originating in destruction
and condensation reactions were also obtained. The chem-
ical utilization factor of the hot atoms reached 30- 40%
for tritium, 60-80% for carbon. P. 1. Artyukhin, who
studied the effect of NOg and H* ions on the rate of re-

duction of sexavalent plutonium in response to sponta-
neous o emission, voiced the proposition that the reduc-
tion occurs on account of the hydrogen peroxide and

nitrous acid forming as a result of the radiation effects.

_ The first-tanking importance of research on thestate
of radioelements in solution for modern theory and prac-
tice was acknowledged in the course of abraad discussion,

" All of the methods used at the present time in research

on this problem were subjected to critical evaluation.
The participants taking the floor addressed themselves to
the need fora more rigorously greunded thermodynamic ap-
proach, and the simultaneous utilization of several meth-
ods for an unambiguous resolution of the problem of the
state in which each element exists. Note was taken of
the importance of further study on the molecular form

of radioelements in solutions, and on the need to search
out new techniques for detecting them. The desirability
of éorrelating the results obtained with trace quantities
and bulk quantities of a substance by the use of thesame
method was underscored. The need for more intense de-
velopment of research work on the study of the forms in
which hot atoms are found in solution, was noted. Hopes
were also expressed for closer cooperation in research in
the fields of the chemistry of hot atoms and of radiation
chemistry.

SCIENTIFIC CONFERENCE OF THE MOSCOW ENGINEERING

AND PHYSICS INSTITUTE (MIFT)
G. A. Tyagunov

The annual scientific conference of the Moscow
Engineering and Physics Institute (MIFI) was convened
from April 17 to May 15, 1959, In addition to the staff
and workers at MIF], over 600 persons from more than
100 different institute andresearch institutions and bodies
were in attendance; 148 reports were heard at the two
plenary sessions and in the panels of the eighteenth section.

At the plenary sessions, primary attention was cen-
tered on the reports delivered by M. K. Romanovskii,

N. G. Basov, and A, L Leipunskii. Romanovskii reported
on the development of thermonuclear research andgave
a general review of the methods and results obtained on
various thermonuclear-fusion experimental devices.
Basov told of the physical fundamentals of masers (mmole-
cular oscillators) and maser amplifiers; of several engi-
neering principles and design details of these devices;
and of the feasibility of employing them under conditions
where the signal-to-noise ratio mustbe increased hundreds
" of times during amplification, where frequencies must
be generated at constant values, and where narrow band-
width requirements are stringent. Leipunskii presented

a report on the development of fast reactors. Experiments
performed under his guidance showed the full technical

feasibility of building a fast neutron reactor using natural
uranium as fuel, and functioning as a breeder tor nuclear
fuel. At the present time, a prototype nuclear reactor of
that type is being planned,

Of the eleven reports read out at panel sessions of
the section on theoretical physics, particular interest was
focused on three reports. L Ya. Pomeranchuk reported
on the theory of peripheral collisions between mesons
and nucleons. Low-energy nucleon scattering (at ener-
gies down to 30-40 Mev) takes place by interactions as-
sociated with meson exchange. The reporter demonstra-
ted that by using Green's function it is possible to de-
scribe the interaction of the nucleons by the exchange of
a single meson and to study the dependence of the inter-
action cross sections on the energy of the nucleons and
their orbital moments. In a report entitled " Superfluid-
ity and the moments of inertia of nuclei,” A. B. Migdal,
made an attempt to shed light on several nuclear effects
observed, in particular, the moments of inertia of nuclei,
for which purpose the basic tenets of the new theory of
superfluidity were applied to nuclear matter. A, S. Kom-
paneets, in a report bearing the title ® A strong electro-
magnetic-gravitational wave,” considered electromag-
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netic and gravitational fields in a vacuum jointly, and
demonstrated that the appearance of discontinuous solu-
tions is possible.

At the panels of thesection on experimental physics,
over 19 reports were delivered, among which there were,
worthy of special note, one by V. L. Gol'danskii, ®On the
levels of intrashell excitation of nuclei and ways of
achieving it,* a paper by O. L. Rozental' and L. A. Pro-

_khorova, " Analysisof possible experiments on measuring
the *dimensions' of M meésons,” two papers by V. L
Dianov-"Jokov, " The spectrum of liquid and crystalline
oxygen under pressure,” and " A facility for measuring
absorption curves® (the first of these deals with investi-
gations of the behavior of oxygen in the liquid and crys-
talline states at pressures of 8-10 thousand atmos), and a
report by V. K, Lyapidewskii and O. V. Glamazdina,
*On new applications for the diffusion chamber.”

In the panel session on electrophysical facilities,
the interest of those attending was stimulated by reports
delivered by A. V. Shal’nov (on the variational charac-
teristics of the linear accelerator, the wide-bandwidth
propeities of iris-loaded waveguide, parametric curves
for attenuation calculations) in which a method for the
design of traveling-wave linear electron accelerators,
conferring excellent engineering performance character-
istics on the associated planned equipment,is considered.
Two new theories on electron capture in the betatron
mode of acceleration were propounded in reports by
P. A, Ryzin and A. B. Minervin, and another by A, L
Zaboev. ‘

A report by E. G. Pyatnov showed the possibility of
neglecting insignificant nonlinear dependencies of the
accelerator parameters on the wavelength of the rf
oscillator, when switching the accelerator to otherwave-
lengths (over the 9 to 11 cm wavelength region). The
output beam constants then vary by 3-4% over the band-
width in question. A report by S. P. Lomnev and G. A.
Tyagunov provided a detailed analysis of magnetic. fo-
cusing conditions in a linear electron accelerator, and
proposed a beam focusing method where the beam is
directed along the axis of a scalloped magnetic field.

Other reports of interest were one on the 3 Mev
lineac in use at MIFI (0. A. Val'dner, P. A, Dmitrovskii,
D. M. Zorin, and Yu. V. Mizin), and one on research
into electron flow in the magnetic systemvof the elutron,
a gamma spectroscope using recoil electrons with the
scattering fields taken into account (V. V. Kuznetskii,
O. A. Val'dner, V. V. Kotov, and V. N. Chesnokov).

Seven reports devoted to scintillation counters and
gamma dosimeters, as well as gamma spectrometers,
and a report on delayed-coincidence circuits for meas-
uring time intervals of the order of 107% - 107® sec, were
heard at the panel session of the section on the physics
of shielding.

Reports onstudies made on liquid heat-transfer agents
were given at the panel sessions of the power engineci-
ing and physics section. A report delivered by O. A,
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Kraev outlined a new pulse technique for measuring the
thermal c’onducr.iVity of liquids. Experiments performed
by the author displayed good agreement with the theory
which the author proposed earlier as the basis for the
technique. In a report entitled ® Heat rejection to the
Na—K eutectic flowing in an annular clearance,” (authors:
E. M. Khabakhpashev, Yu. M. I'in, and D. A: Chirov)
provided information on the development of a fuel ele-
nent made from a bundle of thin rods, with simultaneous
temperature sensing. The expefiments conducted by the
authors provided confirmation for the theoretically pre-
dicted rules governing this case. A similar paper by

V. L Petrovichev describing work with mercury provided
the same results over a wide range of Peclet numbers,

Reports heard at the panel session of the electronics
section were devoted to the study of transistorized cir-
mnd properties thereof. The greatest impact was
made by N. M. Roizin's paper: "Features of the junction
transistor operation in pulsed circuits (" pulse dissipation,”
“recombination effect” , parameter variation) in which
the author successfully provided a theoretical explana-
tion of all of the observed effects.

In the section on computers, papers on digital com-
puters excited particular interest in the audience. Among
the reports meriting special mention were " The methods
for design and calculation of pulse transformers in cir-
cuits with semiconductor components,™ by O. §. Poturaev,
and ™A method for evaluating the characteristics of mag-
netic recording of pulses,” by Ya. A. Khetagurov, and
" A system of components for a general -purpose digital
computer,” by B. L Kal'nin,

In the section on automation and remote control,
attention was focused on a report by V. §. Malov,

*Mul tiple- channel monitoring of process control data,”
another by P. I. Popov, "Analysis of several automatic
startup systems for power and power supply facilities,”
and one by Yu. I. Topchiev, "Methods of analysis ofthe
control parameters of nuclear reactors in stepwise and
linear patterns of variation in reactivity.”

The remaining reports were devoted to a study of
automatic control components and subassemblies, while
one of the papers dealt with an investigation of the pos-
sibility of enhancing the sensitivity of the microwave
spectroscope.

At the panel sessions of the section on metallurgy
and metallography, a considerable portion of the papers
presented, dealt with questions of obtaining pure and
alloyed metals, and the study of their properties. In
addition, some of the reports considered the use of auto-
radiography techniques in the study of metals. Of par-
ticular note are the papers submitted by G, A. Leont'ev
and A, L Evstyukhin, °Study of the iodide method of
niobium refining, and the properties of the metal ob-
tained thereby;” one by P. L. Gruzin and G. G. Ryabova,
*Study of microdistribution of elements (carbon, tung-
sten, iron, etc .)in zirconium and its alloys, using the
autoradiography technique;® by G. B, Fedorov, " Deter-
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mination of the heats of sublimation of zirconium and
nickel, using the radicactive tracer technique;® and by

G. B. Fedorov and A. N. Semenikhin, ® Determination

ATOMS FOR PEACE
V. F. Kalinin
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of the diffusion coefficients of chromium, nickel, and
iron in nickelchrome steels.® =

The proceé,dings of the conference will be published:
in symposia under the auspices of the MIFL

(From the Exposition of the Achievements of the Soviet Union 4.
in the Fields of Science, Engineering, and Culture) |

The " Atoms For Peace” section of the Soviet ex-
position at New York occupied one of the most promi-
nent spots in the exhibit. The section showed (by means
of operating models, mock-ups, lighted panels Yhow the
Soviet Unionis employing atomic energy to peaceful ends.

The exposition opens on a huge panel lettered
" ATOMS FOR PEACE." The first section is devoted to
the techniques used in accelerating elementary particles,
and to the work of the Joint Institute for Nuclear Studies.
From the very opening days of the exposition, a large
mock-up of the 10 Bev accelerator (Fig. 1) atwacted
the attention of visitors. Many of them were curious as
to whether the machine was actually in operation, and
were very surprised to find out that it is one of the most
powerful accelerators in operation in the entire world,
and that it surpasses the American cosmotron accelerators.

The work of the Joint Institute for Nuclear Studies
is shown on the exhibit stand. A large variety of photo-
graphs are on display, and a newsreel is shown continu-
ously. Visitors display interest in the scale models of
the 680 Mev accelerator and the mass-produced cyclo-
trons and electrostatic generators, which have been de-
livered by the Soviet Union to other countriesin keeping
with its policy of collaboration and aid enabling them
to set up their own atomic science research centers.

The following section of the exhibit is devoted to
thermonucl ear-controlled fusion research in which, as
acknowledged by the Americans, Sovietscientists occupy
one of the leading places. There is a scale model (}
natural size) of the "Alpha” facility, a large toroidal
chamber. A text read off continuously by a mechanical
stand attendant assists visitors to the exhibit in orienting
themselves as ‘to the function of the devices whose mo-

dels are on display, including the "OGRA" facility, the
giant magnet wap.

In the section dealing with nuclear power, scale
models are on display and information is given (by the
mechanical speaker) of a large-scale industrial experi-
ment now being carried out in the USSR for selecting
the most economically competitive nuclear electric
power station type. This section has on view models of

- several power stations and reactors (Figs. 2, 3). The

scale models are made in such a way that the operation
of the nuclear-power generating stations will become
clear to everyone, even the observer with little pertinent
knowledge: miniature master-slave manipulators sim-
ulating the charging and discharging of fuel elements
are operated by remote control, and water circulates
through the coolant pipes. Alargedisplay panel reminds
the visitor that the first line (100 Mw) of a large nuclear
electric power station of 600 Mw full rating was started
up.in September 1958, in the USSR

The section on isotopes oécupies a large area. Doz-
ens of instruments and arrangement, show how Soviet
engineers are using isotopes in industry.

The *ATOMS FOR PEACE" section ends with an ex-
hibit of the atomic—pbwefed icebreaker "Lenin,” mod-
eled to scale (Fig. 4), and a mock-up in natural size of
the reactor installed in the vessel (see Fig. 3). The de-
tails of the icebreaker are explained by light bulb panels
and an automatic speaker.

On the whole, the exhibits on display in the
" ATOMS FOR PEACE" section, provide a striking and
convincing picture of the broad scope of applications
of nuclear power in the Soviet Union,
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Fig. 1. Installation of scale model of the
10 Bev proton synchrotron.

Fig. 2. Installation of a model of a nuclear
electric power generating station,

Fig. 3. At the scale models of the turbine
hall of the nuclear electric power station
(on the right), and the reactor c;f the a-
tomic icebreaker "Lenin® (background).

Fig. 4. The first visitors see the installed
scale model of the atomic icebreaker
"Lenin."”
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MAGNETIC MOMENT OF THE y MESON

Detection of the anisotropy in electron emission .in
the decay of ¢ mesons made possible *he exact meas-
urement of the magnetic moment of # mesons. The
simplest elementary particle, the §! meson is the only
one of the unstable particles which does not experience
strong interactions with other particles. Dirac'sequation
predicts a value of 2 for the g factor of a I meson of
spin 1. When account is taken of corrections for radia-
tion, we arrive at a value

g:2(1+2—i——}—»0.75—;‘;—;«—|—-. . .)::2-1.00116,

where o is the fine-structure constant [1]. The devia-
- tion of the experimental value of the spectroscopic
g factor of the ¥ meson from the predicted value would
indicate the incorrect introduction of radiation correc-
tives and, as a consequence, the inadequacy of quantum
electrodynamics when applied to the I 'meson. The
first measurements recorded {2-4]lacked the necessary
precision to support such a comparison.

The so-called "stroboscopic™ method for determin-
ing the ¢ mieson [5] was developed recently. In this
method, a I meson polarized along its direction of
motion is brought to rest in a target to which is applied
a magnetic field H, perpendicular to the direction of
spin of the ¢ meson. This magnetic field causes the
spin of the # meson to precess. The number of decay
electrons emitted in a given direction is determined
from the formula

exp (—t/%) (14acos ogt),

where o is the asymmetry factor of the decay electrons,
T is the mean life of a ¥ meson; wy is the frequency
of precession of the spin of a ¥ meson.

To determine the precessional frequency of the spin
of a I, meson, we use the formula

o =ch/2m-Pc,

where e is the charge of an electron; mjj is the mass
of a i meson; c is the speed of light.

In an experiment completed recently at Columbia
University (USA) [6], the stroboscopic method was em-
ployed, yielding a value of the g factor of the ¢! meson
which exceeded the predicted theoretical value. The
experimental arrangement may be seen in the diagram
above. A beam of u* mesons is passed through a series
of counters, graphite and copper filters, and a fast counter,
and is stopped in a target placed inside the gap between
the magnet pieces. The entering # meson is identified
by the coincidences 1232, which open the gate for2-10°7
sec for a p-meson pulse, and 6 - 1078 sec for a decay-
electron pulse. The decay electron when forward scat-
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tered is determined by the coincidences -1545,_ and when
back-scattered, by the coincidence 9314 (the bar above
the number of the counter denotes an anticoincidence),

Beam of
#*-mesons || [Graphite
———=1l labsorber

Fast counter

Diagram of experimental arrangement for determin-
ing the g-factor of a p-meson (numerital figures denote
scintillation counter units), with P as the specimen for
measuring nuclear magnetic resonance effects.

The precessional frequency wy is measured by
means of a reference oscillator having a frequency w
equal to 86.2 Mc, close to the frequency wy. Toachieve
this, the phase difference & between the moment of ar-
rival of a # meson and the moment of escape of a de-
cay electron is measured. When wy is equal to w, the
phase distribution n(®) of the electrons is time-independ-
ent. When wy; is not equal to w,on the other hand, the
phase distribution of electrons acquires the form (% + o),
where o = (w,—w) T (T being the time elapsed sincethe
measurements were begun), Pulse generators operatedat
85 Mc, and triggered by the fast counter, are used to
record the phases of the pulses of the ft meson and decay
electron. The phase of the pulses is found. by observing
the beats of the pulse generators with the reference os-
cillator. The precision achieved in the time determin-
ations is +5 + 10" sec. The phase difference is con-
verted into amplitude and recorded by a kicksorter. The

" gate system yields pulses corresponding to a specified

direction for the decay electron (forward or back emis-
sion) and a specified time T.

Measurements were performed at different values
of w close to wy, using three targets of aluminum, cop-
pet, and bromofomn, respectively. Theresonant frequency
of precession of protons in the water molecule was meas-
ured on this arrangement. The result was computed in
the form of the ratio of precessional frequencies of i
meson and protons. After introducing corrective terms
for diamagnetism in the case of copper and aluminum,
values of the ratios which showed agreement within the
limits of experimental error (+ 0.007%) were found for
all three targets.
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The value of the mass of the ¢ imeson, equal to
(206.86 + 0.11) m, [7], where m, is the mass of an
electron, was used to compute the' g factor for the -
meson,

Even when using the lower limit for the mass of a
p meson, based on the energy of the y rays emitted
when a ¢ meson jumps from one Bohr orbit to another
in a mesoatom (m y = 206.78 + 0.01), the value of the

factor so obtained is equal to or larger than 2.
-.(1.00158+ 0,0000%), which is at variance with the the-
oretical value [8].

The difference may quite possibly be a reliable in-
dication of the fact that the B meson has somewhat
different properties from those of an electron with the
mass of a ! meson. ' P.K.

A value of 2 (1.0020 3 0.0005), which ishigher
than the theoretically predicted value, was thereby derived.

R
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THE PRESENT STATE OF THE ART IN PROTON SYNCHROTRONS |

-

At the prese'nt:-conjuncmre, the proton synchroton
is the only type of accelerator which is capable of ac-
celerating particles to the highest energies. Facilities
of this species are designed toaccelerate heavy particles,
i.e., protons, The advantage of the proton synchroton
when compared to the synchroton is inthe absence of the
difficulties associated with energy losses by radiation.
Radiation losses set the limit to the practically attainable
energies (around 10 Bev) of electrons accelerated in
electron synchrotrons. Radiation losses in protonsynchro-
trons would come to play a crucial role only at energies
of the order of 104 -10° Bev, which is far out in front of
the engineering and economical possibilities facing us
at the present time in accelerator design.

Proton synchrotrons were planned from the very be-
ginning as very-high energy facilities. It suffices to re-
member that, the first proton synchrotrons build included
the 1 Bev machine at Birmingham (England), commis-
sioned in 1953, the 3 Bev Cosmotron and the 6.2 Bev
Bevatron (USA), commissioned in 1952 and 1954, respec-
tively, and finally the most powerful accelerator of ail
those presently in operation, the 10 Bev proton synchro-
tron [synchrophasotron] of the Joint Institute for Nuclear
Studies (USSR), put into service during 1957. The build-
ing of machines of this species was the fruit of the ur-
gent need for.an intense source of high-energy particles,
arising in connection with research in the domain of the
physics of elementary particles, which entered into a
particularly vigorous phase of development during the
mid-Forties, when the discovery of the charged 7 meson
(1947) which interacts strongly with nuclei was made in
cosmic rays.

The theoretical prerequisite underlying the feasibi-
lity of building a particle accelerator capable of bring-
ing particles to energies of the order of the mean energy

of cosmic rays (10 Bev) was the diécbvery, in 1944, of
the principal of phase stability, by the Soviet scientist

V. L Veksler [1]. The use of this self-focusing principle,
which has undergone much further development at the
hands of Soviet and foreign scientists,: forms the basis of
the operation of proton synchrotrons, as well as, general-
ly speaking, all resonant cyclic accelerators, no matter
what the type of magnetic system used in them.

A powerful stimulus for the planning and designing
of large proton synchrotrons was also furnished by the
discovery in 1953, by E. Courant, M. Livingston, and
H. Snyder, of the strong-focusing principle (2], which
provided the possibility of reducing the cross section of
-the magnetic pole gap used. This made possible a

' great reduction in the power supplies to the magnetic
" system, a reduction in cross sectional dimensions and
- weight, and,as a consequence a reduction in the relative

costs of the machines. There thus appeared the prac-
tical possibility of increasing the maximum attainable
energy of accelerated protons in proton synchrotrons by
a factor of about 5 to 10, Thisincrease in the maximum
energy of protons accelerated was, it is frue, attained at
the expense of much tighter tolerances on the configur-
ation of the guide field and on the geometry of the mag-
netic system. For example, the precision specified in
the mounting of the magnets in a 50-60 Bev proton syn-
chrotron amounts to ~ 1 mm at the perimeter of an orbit
of about 1.5 km.",

At the present time, about 15 proton synchrotrons
using weak or strong focusing arrangements are being
designed or under construction in various countries
around the world. The pertinent data on the largest of
the proton synchrotrons in operation orunder construction
are given in the accompanying table [3-6].
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The largest of the projects in this group of acceler-
ators is the Soviet 50-60 Bev proton synchroton project.
A particular striking feature of the plan for this machine
is the absence of the so-called " critical” energy char-
acteristic of all conventional strong-focusing accelera-
tors. In accelerator practice, this term is taken tomean
that value of the energy of the accelerated particles at
which the self-focusing operation breaks dowm: the stable
phase becomes unstable, and conversely. The transition
through the critical energy is fraught with large losses in
particle energy, and imposes additional and prohibitive-
ly stringent specification on the tf system of the strong-
focusing proton synchrowon, This unpleasant bug was
circumvented in the 50-60 Bev accelerator project by
introducing 15 compensating magnets with fields of
reversed sign into the magnetic system.

A project for a 7 Bev proton synchrotron, which will
serve as a model for the 50-60 Bev machine, also en-
visages compensation of the " critical” energy.

It should be noted that some weak-focusing proton
synchrotrous, such as the 12 Bev Argonne machine and
the 3 Bev Princeton machine, for example, were entered
well into the planning stage even after the appearance
and elaboration of the strong- focusing principle. The
reason for this "reversion” to weak-focusing practice was
the existence of appreciable defects inherent in strong -
focusing accelerators. Those bugs included, primarily,
difficulties encountered in injecting protons into the
vacuum chamber of the strong-focusirig accelerator,
since the injection must be completed in less than a
single revolution, This results in a reduction in the in-
tensity of the accelerated beam of particles, since it
imposes requirements which are difficult to fulfill on
the proton beam to be injected, added to the require-
ments for rather high energies (from one to several tens
of mega-electron-volts) and requirements for monoen-
ergetic particles (ranging from several tenths to several
hundredths of a percent). In those cases where a high
order of intensity took priority in the specifications, the
weak-focusing proton synchrotron was therefore the pre-
ferred type. Several flaws remained, nevertheless, "in
the magnetic system of weak- focusing machines.

Now, e.g., the Argonne proton synchrotron is an ac-
celerator with a zero-gradient guide magnetic field.
Particles are focused in this field by skewing the edges
of the eight sectors by approximately 11° with respect to
the orbit. The functioning of the sectors with edges
skewed is similar to the behavior of magnetic lenses
with fringe focusing, such as used in mass spectrometers.
The use of fringe focusing makes it possible to avert
the saturation effects which tend to narrow the effective
region of the magnetic pole gap. This provides those
responsible for carrying out the project with the possibi-
lity of employing very powerful magnetic fields (of the
order of 20 kilogauss) and of greatly reducing the weight
of the magnet assembly. The effective frequency of the
betatron oscillations (0.75-0.875 oscillatiofis per revolu-
tion) in the Argonne 12.5 Bev proton synchrotron is

'
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roughly the same as in conventional weak-f{ocusing sys-
temns. Another peculiarity of this accelerator is the use
of extremely high injection energies (of the order of

50 Mev), which makes it possible to reduce the size of
the equipment, to reduce the power supplies to the mag-
netic system, and to narrow down the interval over
which the frequency of the accelerating field varies, All
of those improvements, in the opinion of the authors of
the project, provide an opportunity for obtaining an ac-
celerated beam intensity of ~ 10% protons per pulse.

The same problem in increasing the intensity of the
proton beam (up to 0.1 pa) was resolved in the Prince-
ton project for a weak-focusing 3 Bev proton synchrotron
by a choice of more rigid tolerances on various injection
parameters, by guidingmagnetic- field parameters, andby
increasing the pulse repetition rate.

Projects for proton synchrotrons now in the planning
stage were iniated for the most part in the period from
1948 to 1955, New projects are not forthcoming, asbest
ds can be judged from a survey of the literature on the
subject. This allows us to infer that there will be aslow-
ing up in the tempo of development of proton synchro-
trons, apparently due to the large 'capital expenditures
involved in:building them as well as to the beginnings
of research in the last two years on new types of accel-
erators incorporating fixed magnetic fields enabling
sharp increases in intensity, and the development ofnew
energy storage systems for performing experiments in-
volving colliding beams of particles. Owing to the fact,
that the energy of colliding beams coincides with the
energies of the beams in the center of mass system, the
use of such systems is equivalent to the use of a conven-
tional accelerator with a fixed target having particle
energies %(E/ Egitimes larger than the energy of either
of the colliding beams (Eqy here denotes the rest energy
of the particle). For example, the collision of twé beams
at 10 Bev energy would make it possible to observe the
same reactions as would be obtained in using a conven-
tional accelerator capable of reaching 200 Bev.

Further progress in the field of the development of
proton synchrotrons, will,therefore, apparently proceed
along the line of improving the design and increasing
the mean intensity of the accelerated particles, with a
certain slowing down of the tempos of growth in peak
energies.
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BRIEF COMMUNICATIONS

USSR. A 24-liter propane bubble chamber with

55 x 28 x 14 cm® of the volume accessible to photo-
graphic recording, designed for work in a fixed time-
invariant magnetic field, has been developed at the
Joint Institute for Nuclear Studies. Water, separated
from the propane by means of bellows, is used as pres-
“sure transmission agent. The illumination used in the
bubble chamber is placed at right angles to the axis of
photographs. The bottom of the chamber is covered
with dark glass to secure a dark background.

USSR, In the Nuclear Physics Research Instute at-
tached to the Moscow State University, work has been
completed on devising a dual-crystal Compton-type
gamma spectrometer with no collimation of the bundle
of gammas, which makes it possible to sharply increase
the aperture (by 100-1000 times) without loss of resolu-
tion. Both of the crystals (the analyzing and the con-
trol crystals) in the arrangement are brought together as
close as possible, and the gamma source to be investi-
gated is positioned between them. To eliminate any
background due to cascading gamma quanta or annihil -
ation gammas, measurement of the spectrum is repeated
a second time (the repeat run using a-lead plate posi-
tioned between the source and the control cystal). The
resolution of the Compton peaks is slightly less sharp
(by 15- 20%) than the resolution achieved for photopeaks
of the same energies.

The instrument was designed for the analym of low-
intensity gamma-emitting preparations, and for search-
ing out and studying weak gamma lines in radioactive
isotopes at gamma -quanta energies in excess of 0.5 Mev,

USSR. A simple-design pulse-height integrator, ca-
pable of summing the amplitudes of a train of pulses
.arriving sequentially and of determining the mean value
of the amplitudes when the duty factor of the recording

- channel is not too large, has been developed at the Nu-
clear Physics Research Institute of Moscow State Univer-
sity.” The instrument is based on the transformation of
the signal to be recorded into a packet of pulses, such

that the number of pulses N in the train is uniquely and .

completely specified by 'the amplitude of the input sig-
nal V,. Summing over the number of pulses in the pulse
trains at the output of the pulse-height converter circuit
is executed by a scaling circuit havmg a scaling factor
of 10° and a resolving time of 5 - 107° sec. Witha
rather simple 10-channel time analyzer performing the
" function of discriminating with respect t0 pulse train
duration (with the aid of delay lines in the form of 10
one-shot multivibrator flipflops excited in stries), and
parallel photorecording of each pulse of the neon scale
indicating lamps, the instrument is capable of simultan-
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eously recording the pulse-height distribution and of

" determining the mean amplitude of the pulses recorded.

The instrument was employed to make a record of the
mean magnitude of infrequent pulses ( ~ 10 min 1) ar-
riving from an ionization chamber, in measurements of

the mean ionizing‘ power of cosmic radiation.

USSR, V. G. Chaikov has studied the possibility of
devising thermostable halide counters. He demonstrated
that the variation in the characteristics of halide counters
in response to a temperature rise comes about as a result
of evaporation of products of the interaction of the ha-
lide with the structural materials of the counter, within
the working volume of the counter. Careful preliminary
removal of those reaction products, succeeds in increas-
ing the thermostability of the counters to the level of
170-200°C.

IAEA. The regularly scheduled session of the Coun-
cil of directors of the Agency met in Vienna, April 7-18,

1959, The Council approved plams for contracts withthe

Soviet Union, the USA, and Great Britain on the delivery
of nuclear materials to the Agency. The contracts sti-
pulate the basic conditions, under which nuclear mate-
rials will be transferred to the Agency, or to member
nations of the Agency,when so indicated. It is stated in
the contracts with the Soviet Union, USA, and Great
Britain that nuclear materials turned over to the Agehcy
by the said nations will remain within the borders ofthe
nations contracted to deliver them until the delivery
order is received from the Agency.

The Soviet Union agreed, as a first step towards the
realization of the JAEA statutes in life, to place at the
disposal of the Agency 50 kg of U5 of any desired con-
centration (up to 20% u=s content) in the form of me-
tallic uranium, chemical compounds, or in the form of
manufactured fuel elements. The price of the uranium,
will be set at the level of the minimum prices on the

-world market effective at the time of delivery.’ The

draft of the contract stipulates that the government of
the USSR expresses its readiness to produce, now or in
the future, fissile and other special materials needed by
the Agency for its activity on behalf of the peaceful
utilization of atomic energy. .

The Council of directors of JAEA adopted a reso-
lution on other important questions relating to the acti-
vity of the Agency in rendering technical assistance to
underdeveloped countries in the area of the peaceful
uses of atomic energy. In particular, it was decided to
study the question of setting up one or several isotope
centers for the training of specialists, for the Arab coun-
tries, the other countries of Africa, and for countries in
the Middle East.
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The Council of directors adopted a decisionto send
twoInissions to the Latin American countries for the pur-
pose of rendering technical assistance to several coun-
tries in that region indeveloping their national programs
on the utilization of atomic energy for peaceful purposes.

JIAEA. A conference of experts from several nations,
devoted to the elaboration of a set of international mles
goveming the transportation of radioactive isotopes, met
in April, 1959.The rules drawn up * will besent out to mem-
ber nations of the Agency for discussion and corrections.

Hungary. The county's first research reactor, 2Mw
* (th), was loaded to criticality on March 25, 1959, in
Budapest. The reactor is a water-cooled water-modera-
ted (VVR-S) type operating on oxide enriched to 10%
dranium. The reactor was built with the aid of the
‘Soviet Union, '

Rumania. The Institute of Nuclear Physics of the
Rumanian Academy of Sciences (Bucharest) now has at
its disposal an atomic reactor and a cyclotron. The In-
stitute is engaged in the training of specialist personnel
for work it the field of the utilization of atomic energy
for peaceful purposes, Radioactive isotopes produced by
. the Institute. are meeting with'application on a broad
scale in the petroleum: industry (in radioactive logging
of oil wells), in medicine, biology,.chemistry, metal-
lurgy, and other branches of the economy.

Yugoslavia. An agreement was signed between
Yugoslavia and Poland, covering 1959 and 1960, on
collaboration in the cause of the use of atomic energy
for peaceful purposes.
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USSR. On July 21, 1959, the BR-5 fast nuclear re-
actor was brought up to design power rating (5000 kw).

The successful startup of the reactor marked the-
completion of a great stage in the work of Soviet scien-
tists and engineers aimed at the development of the
problem of nuclear power reactors based on fast neutrons.

~ While only the uranium isotope U, 1/140 being
natural uranium, may be used as nuclear fuel in thermal
power reactors, fast power reactors are capable of also
using uranium-238, :and thorium, to produce electric
power. -This is of the most far‘reaching significance for
the national economy, since the raw materials base of
the nuclear power industry will then be expanded with-
out bound, and the basis will be laid for the economic-
ally competitive operation of nuclear- fueled electric
power generating stations.

-The erection of the BR-5 was preceded by the
building of several:physical fast-neutron reactors rang-

- ing from 10 w to 200 kw power output, which provided

the opportunity fora broad variety of physics experiments.

The BR-5 reactor, which is the most powerful fast
reactor in operation at the present time, is designed to
provide the solution to a number of engineering and
technological problems associated with the building of
industrial-scale nuclear electric -power stations,

~ The BR-5 reactor has a core of plutonium cooled

by fused sodium at an exit temperature of 450°C, The

‘reactor is equipped with a large number of ancillary
experimental devices installed for the performance of
the necessary research experimentsin chemical proc¢sses
and nuclear physics,
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NEW LITERATURE

Books, Symposia, Periodicals Rece’lnily
Published

Proceedings of the Second International Conference
on the Peaceful Uses of Atomic Energy. Reports by
Soviet Scientists. Vol. 3. Nuclear Fuel and Reactor
Metals. Edit. bv Academician A. A. Bochvar, Academi-
cian A. P. Vinogradov. Corresponding Member of the
Academy of Sciences of the USSR, V. S. Emel'yanov,
Doctor in Engineering Sciences A. P, Zefirov. Moscow.
Atomizdat, 1959. 670 pages, 30 rubles, 30 kopeks.

The book comprises a collection of the reports deal-
ing with problems of the geology and mineralogy of
uranium deposits, methods of exploration of those occur-
rences, and some questions in the primary processing of
uranium ores and of the raw materials for reactor mate-

rials, and, finally, problems in the metallurgy of nuclear -

fuel.

The results of the study of the geological structure
of uraniferous provinces, the patterns discernible in the
arrangement of ore-bearing beds within those provinces,
zones of oxidation of uranium occurrences, paragenetic
associations of uranium minerals, new data on uranium
minerals, structural conditions.of the formation of ura-
nium occurrences, and other related topics are reported
on in these papers.

A description is provided of the different methods
resorted to in the beneficiation of uranium ores, and ex-
amples of ore processing are given. Several papers de-
scribe the properties of uranium, plutonium, and the al-
loys they form with other elements. Probletns in the
stability of uranium and relating to structural materials
subjected to irradiation are discussed.

Papers are presented on the technology and process-
ing of zirconium and beryllium, and on the manufacture
of chemically pure calcium, strontium, and othermetals.

Proceedings of the Second International Conference
on the Peaceful Uses of Atomic Energy. Reports by
Soviet Scientists. Vol. 4. The Chemistry of Radioele-
ments and Radiative Transmutations. Edited by Acade-
mician A, P, Vinogradov. Moscow, Atomizdat, 1959,
336 pages, 15 rubles, 70 kopeks.

The reports, collected in a book, are devoted to va-
rious aspects of chemical problems and problems arising
in connection with the use of atomic energy for peace-
ful purposes.

Methods used in the purification and extraction of
plutonium and uranium from spent reactor fuel, the sep-
_ aration of fission-fragment and rare-earth elements; the
chemistry of complex compounds formed with thorium,
uranium, americium, and modern techniques in the study
of the state of radioactive substances in solution are dis-

694

Bibliography

cussed in the papers; the laws goveming sorption of
“radioelements by soils and minerals, which is of major
“importance for the solution of problems concerning the

burial of radioactive wastes, are also discussed.

Problems involved in the effects of radiations on
matter are dealt with in reports on the radiation chem-
istry of aqueous solutions, on the effect of jonizing radi-
ations on raw rubber, valcanized rubber, etc.

Proceedings of the Second International Conference
on the Peaceful Uses of Atomic Energy. Reports by Soviet
Scientists, Vol, 5, Radiation Biology and Radiation Med-
icine, Edited by Corresponding Member of the Academy
of Medical Sciences A. V. Lebedinskii, Moscow, Atomiz-
dat, 1959, 430 pages, 21 rubles, .80 kopeks.

This volume contains reports devoted to problems
conceming the effects of ionizing radiations on the hu-
man organism and on animal organisms, and questions
involving the use of radioactive isotopes in biological
research, medicine,and agriculture. A. V. Kozlova, in
her report, presents a review of the applications of radio-
active isotopes and ionizing radiations in the USSR in the
therapy and diagnostics of various diseases.

The volume presents a broad choice of original ma-
terials reflecting the latest research efforts, particularly
materials on the use of the tritium isotope in radiobio-
logical research, on the mechanism of the action of ra-
diations on the nervous system, on primary processes oc-
curring in tissues when bombarded by radiation emis-
sions; also materials on radiation genetics and on the
effect of small, local radiation doses.

Proceedings of the Second International Conference
on the Peaceful Uses of Atomic Energy. Reports by Soviet
Scientists. Vol. 6. The Production and Use of Isotopes.
Edited by Academician G. V. Kudryumov and Correspond-
ing Member of the Academy of Sciences of the USSR
I I Novikov. Moscow, Atomizdat, 1959, 388 pages,

18 rubles, 90 kopeks.

This volume presents a collection of reports illumin-
ating several up-to-date techniques employed in the sep-
aration of light isotopes and isotopes in the middle sec-
tion of the periodic table (the method of low-tempera-’
ture distillation in the separation of hydrogen isotopes,
the electromagnetic separation method, the thermal
diffusion method). _

The bulk of the papers included in this volume
serve to illustrate the varied range of approaches in the
use of isotopes for the solution of concrete technical
problems and problemns arising in the operation of the
national economy. In particular, a review article by
A. V. Topchiev and collaborators describes various meth-
ods of isotope applications (such as tagged atoms or ra-
diation sources) in chemistry, metallurgy, instrument de-
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sign, agriculture, and in other branches of science and
technology.

The book also includes papers devoted to problems
of dosimetry, radiometry, and health physics in handl-
ing radioactive isotopes. :

A. K. Lavrukhina, Successes in Nuclear Chemistry.
Moscow, published by Academy of Sciences of the TJSSR,
1959, 144 pages, 2 rubles, 20 kopeks.

This book, one of the popular science series putout
by the Academy of Sciences Press, sheds light on the
fundamental historic moments of nuclear chemistry; the
general characteristics of nuclear processes are described
and an account is given of radiometric techniques, of
the methods of « B and y spectroscopy, scintillation
methods, the technique of thick-layered photoemulsions,
etc.; miclear reactions taking place under the effects
of particles of various energies, as well as reactions oc-
curring in the interior of the sun, the stars, and interstel-
lar space are considered; a short description is provided
of the most important fields of application for the vari-
ous nuclear reactions, and a number of questions involv-
ing the systematics of radioactive and stable isotopes
are discussed.

A. A. Zhukhovitskii, Labeled Atoms. Moscow,
Voenizdat, 1959. 114 pages, 1 ruble, 75 kopeks.

This book, part of the "Popular Science Library®
series, describes succinctly some examples of the util-
ization of radicactive isotopes—"labeled atoms® —in
biology, medicine, chemistry, physics, military science,
metallurgy, geology, etc, The examples cited serve to
illustrate the exceptional variety ‘and fertility of the
labeled-atom technique. The bookis written fora broad
audience of readers acquainted with chemistry, physics,
and mathematics at the secondary-school level.

Max Planck—Festschrift—1958. (Max Planck 1958
Jubilee edition). Published (in German) by B. Kockel,
Leipzig, W. Macke, Dresden, and A. Papapetrou, Berlin.
413 pages.

This book, published on the hundredth anniversary
of the birth of the renowned German physicist Max Planck,
contains the followingarticlessolicited from well -known
Soviet and foreign scientists: G. Falkenhagen: Max
Planck's works on electrolysis and the further develop-
ment of the topic; H. Honl and K. Westphal: The fur-
ther development of Kirchhoff's diffraction theory into
a rigorous theory; V. Rubinovich: A graphicconceptual
picture of electric quadmpole and magnetic dipole ra-
diations; H. Alfvén: The pulse spectrum of cosmic ra-
diation; V., A. Ambartsumyan: On the stellar associa-
tion Perseis-1; 'S. Chandrasekhar: The thermodynamics
of thermal instability in fluids; L. Infeld: Variational
principles in relativistic dynamics; M. Sasaki: Relati-
vistic gases; S. Moller: On the energy of an open sys-
tem in the general theory of relativity; J. Weissenhoff:
The classical-relativistic treatment of the’problem of
spin; N. Bohr: Philosophical problems in quantum

mechanics; V. Fok: On the interpretation of quantum
mechanics; L. Broil’»: Max Planck’s great discovery,
the mysterious constant b; L. Rosenfeld: Max Planck and
the foundation of the statistical nature of €ntropys
K. Nowobatcki: Statistics of gas and radiation; P, Cal-
dirola and A. Loinger: The development of the ergodic
approximation in statistical mechanics; P, Gombgs:
On the theory of matter subjected to high pressures;
P. Zwicky: Destruction of matter of nuclear densityand
nuclear "building blocks;" J. Supek: Differential equa-
tions of the electrical conductivity of metal at low temp-
eratures; H. Frohlich: Phenomenological theory of en-
ergy losses of fast particles in solids; O. Scherzer: In-
terference of incoherently scattered electrons; D. Blo-
khinstev: On the structure of elementary particles;
E. Caianiello: Some remarks on the ultraviolet ca-
tastrophe; A, Sokolov: The longitudinal polarization
of Dirac parricles and the conservation of parity;-
O. Heber: Some physical and mathematical properties
of nonlocalized fields; P, Dirac: Equation of eleciron
waves in a Riemann space; N. Schonberg: Quantum
theory and geometry; D. Ivanenko: A note on a non-
linear theory of matter; J. Destuches: On the quantiz-
ing concept; L. Pauling: Quantum theory and chem-
istry; L. Janosi:Planck's philosophical views on physies.
E. Funfer and H. Neuert, Zahlrohre und Szintilla-

tionszahler [Gas-discharge Tubes and Scintillation

Counters], Karlsruhe, Verlag C. Braun, 19569, 356 pages.
Second, fully-revised edition. The monograph deals
with an analysis of the mechanism involved in the oper-
ation of proportional counters, G-M counters, scintilla-
tion counters, crystal counfers, and their applicationsin
measuring and detecting ionizing radiations. ‘
Bulletin of the International Atomic Energy Agency,
Vol. 1, No. 1 (1959). The first issue of the Bulletin of
the Intemational Atomic Energy Agency has appeared
in print. The bulletin is schedule for quarterly printing
in Russian, English, French, and Spanish. It will contain
materials treating of the activities of IAEA. The first
issue contains the following articles and correspondence:
® Aid rendered to Brazil, Pakistan, and Thailand;* ® The
use of radioisotopes in medical diagnostics;” * The re-
actor construction schedule in Japan;" "Contracts for

" scientific research work on radiation;¥ "Research work /

at the University of Vienna for the benefit of IAEA;"

* Distribution of fallout products and decay products in
the biosphere;” “Safe handling of radioisotopes;”

" Production of heavy water at Aswam;” "Legal protection
against radiation hazards;” "Extraction of uranjum from
phosphates in the United Arab Republic;® "Program of
the International Atomic Energy Agency on the exchange
and training of nuclear specialists;" "Centers for train-
ing specialists in Latin America;” a list of conferences,
exhibits, and cougses on the training of specialists in

atomic energy applications.

* Transliteration of Russian - Publisher’s note.
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Nukleonika (Poland) vol. 1V, No. 2 (1959). This
issue contains the following articles: B. Buras and J.

R . - - .
O’ Connor, "Interaction of neutrons and phonons in solids;"

T Adamski,"Chemical engineering problems in uranium
processing in the lightof the Second Geneva. Conference;"
S. Minc,"Some chemical problems discussed at the Sec-
ond Geneva Conference;' E. Minczewski,"Problems in
analytical chemistry in the light of the Second Geneva
Conference;' S. Andrzejewski,"Perspectives of the de-
velopment of nuclear power in the light of the Second
Geneva Conference;" W. Ostrowski,"The major problems
in the biological sciences and medicine as seen at the
Second Geneva Conference;" J. Hurwic,"Health physics
problems in personnel clothing in the light of the Sec-
ond Geneva Conference; Z. Jaworowski,"Measurements
of radioactive fallout in the Hornsund fjord (Spitsbergen);"
A. Kazimirski,"Design, manufacturing technology, and
features of BFy -loaded proportional counters."

Correspondence: A 144-channel neutron time-of-
flight analyzer, designed for operation with a mechan-
ical chopper. Reviews. Chronicle. Bibliography.

ARTICLES FROM THE JAPANESE PERIODICALS
GENSHIRYOKU HATSUDEN

(ATOMIC POWER ENGINEERING)
AND
GENSHIRYOKU KOGYO*

(ATOMIC INDUSTRY)

Genshiryoku Hatsuden, vol. 2 (1958)

No. 1.

Okada, Makoto: Thermonuclear fusion research.
Review article (6-13); Suzuki, Eiji: Control system of
a nuclear reactor and studies of the dynamic behavior
of the control system in a pilot plant.

No. 2.

Aochi, Tetsuo: Regeneration of nuclear fuel by
solvent extraction (9-16); Goto, Niki et al.: Fuel burnup
calculation in u.tanium-graphite reactors, using digital
computer facilities (39-54); Kanbara, Toyoji et al.:
Brief description of the Japanese research reactor (JRR-1)
and its performance characteristics (55-63); Aoki, Tomo;.
Maximum permissible radiation dosage for humans and

problems inshielding againstradioactive radiations (66- 69).

No. 3.

Aochi, Tetsuo: Regeneration of nuclear fuel by
solvent extraction IL (5-12); Hasegawa, M.: Iron and
steel parts used in nuclear reactors (13-25). Homoto,
Shoji: Nuclear reactor calculations in fast powér ex-
cursions (26-32).
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.Genshiryoku Kogyo, vol. 4 (1958),

No, 1.

Sato, Kagasei: Large-size pressurized-water reac-
tor for ships displacing 80,000 tons with 40,000 hp pro-
pulsion engines (6-12); Makimura, Ryutaro: Small pres-
surized-water reactor for vessels displacing 40,000 tons
with 20,000 hf> propulsion engines; Shigemitsu, Tomo-
michi: Radioactive radiations and plastics. IL (36-37);
Mada, Junpei: Experimental research on nuclear chain
reactors in Japan (41-44); Takeyoshi, In: A high-effi-
ciency reactor burning liquid-metal fuel. Its design
features, examples of reactor calculations, and opera-

tion. II. (51-55); Somiya, Naoyuki: Characteristics

and applications of isotopes. (62-65).
" No. 3.

Taroyoshi, Seki: Uranium production by magnesium
reduction (9-13); Fukai, Yuzo: One-group calculations
of the neutron flux distribution in a boiling-water reac-
tor (22-27); Kozeki, Koji: Deposits of radioactive min-
erals in Japan, and perspectives of exploitation (28-32);
Sata, Toshi: Use of Radioisotopes-in Studies of the
mechanism in metal wear (47-51),

No., 5.

Sugimoto, Asao: Construction of Japan's first ex-
perimental nuclear reaétor, the JRR-3 (4-6); Asaoka,
Takumi: Core design in the nuclear reactor JRR-3(7-13);
Sasakura, Hiroshi: Shielding design in the nuclear reac-
tor JRR-3 (14-20); Ishikawa, Hiroshi: Control-rod design
in the nuclear reactor JRR-3 (21-24); Shimai, Sumu:
The basic planning of the nuclear reactor JRR-3 (31-36);
Shimai, Sumu: Instrumentation and equipment planning
for the experimental nuclear reactor. Idemura, Hideo:
Design of the water and gas flow systems in the nuclear
reactor JRR-3 (39-42); Haraswa, Susumu: Control sys-
tem design in the nuclear reactor JRR-3 (43-49); Henmi
Fumihiko: Design of fuel charge-discharge equipment
in the nuclear reactor JRR-3 (54-58); Kawasaki, Masay-
uki: -Nuclear fuel for the JRR-3 reactor, and pertinent
reactor data (65-71).

No. 6.

Uchida, Taijiro and Goto, Tetsuo: Structure of the
pinch effect in nuclear fusion reactions (18-21); Kitao,
Kazuo: Relaxation time and deceleration of charged
particles in ionized gases (22-26); Yamamoto, Taka-
mitsu: Facility for achieving a controlled fusion reac-
tion by means of annular currents, and its use. (27-31).

No. 8.
Sakai, Toshinouji: Economic performance of atom-

ic-powered ships, and perspectives in their use. L (8-13);

* Translator's note; genshiryoku = atomic energy;
hatsuden = electric power generation; kogyo = industry
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Ono, Kazuro: Studies on special nuclear reactions at the
Institute of Physics of Tokyo University (21-25); Yama-
moto, K.: Safety practices in handling radioactive iso-
topes {26-32); Kaide, Takeshiro: Radioabtivity and
crude rubber. L (36-37).

No. 9.

Shiga, Shiro: Means for atomic radiation shielding,
and their uses (23-29); Completion of the building pro-
ject of the nuclear reactor JRR-3 (38-40).

No. 10.

Yokota, Yoshisuke: Experimental production and
use of glass for gamma-ray shielding (14-19); Ishihara,
Toyohiko et al.: Automatic monitoring stations for the
detection of radioactivity (26-29); Shielding glasses(67).

No. 12,

Imai, Munemaru and Oshima Hironosuke: The
‘Hitachi Central Scientific Research Institute, named af-
ter the founder of nuclear technology in Japan (52-58).

Articles from the Periodical Literature

Yu. K. Akimov, "Recording of counting errors and
omissions in scaling circuits” Pribory i Tekh. Eksp, No, 2,
113-114 (1959).

Yu. D. Arsen’ev and E. K. Averin, "On the approxi-
mate determination of the optimum cycle in dual-cir-
cuit atomic power stations,” -Teploénergetika No. 5,
29-33 (1959). ‘

M. A. Baranovskii, ®Use of superheated steam in
nuclear electric-power stations,” Izvest vyssh. ucheb. .
zaved. Energetika No. 1, 33 (1959).

L V. Batenin et al., ® The effects of neutron bom-
bardment on the fine crystalline structure of metals and
alloys,” Fiz. Metal i Metalloved. 17, 243-246 (1959),

N. A, Burgov et al , ® Resonant scattering of gamma
rays from Ni®," Zhur. Eksp.xTeor Fiz. 36, 1612-13 (1959).

A. L Burnazyan et al., "Health and hygienic meas-
ures observed on board the atomic icebreaker 'Lenin’ ",
Med. radiologiya 4, 70-72 (1959),

A. A. Vorob'ev et al., "Choice of optimum trans-
mission band in an amplifier operating in unison with an
ionization chamber,® Pribory i Tekh. Eksp. No. 2, 95-102
(1959).

N. N. Gratsianskii and N. A. Bogacheva, "Studies on
the corrosion behavior of solid solutions of metals, using
radioactive isotopes. The In—Pb system,” Zhur. Fiz.
Khim, 33, 677-682 (1959).

A. L Grimm and A, L. Kartuzhanskii, ®Effects of
irradiation of potatoes and onions, using a radloactlve
cobalt source [vegetables in storage],” Symp of scienti-

fic papers of the Leningrad inst. of commerce No, 13,
14-29 (1959).

P. L. Gruzin et al., *Investigation and monitoring of
the blast- furnace process, using radioactive isotopes and

‘radiations,™ Stal' ‘No. 4, 291-297 (1959).

R. A. Demirkhanov et al., ®Mass of the Pu®® miclide,”
Zhur. Eksp. i Teor. Fiz. 36, 1595-6 (1959).

A. A. Zaitsev et al., "On the possibility of deter-
mining the potential of a plasma space by the character-
istics of the noise excited in the gaseous discharge,”

Zhur. Eksp i Teor. Fiz. 36 1590-1 (1959).

D. L Zakutinskii and O. S. Andreeva, “’Toxi(iology
of uranium compounds (survey article),” Med. radiolo-
giya 4, 81-5 (1959). ‘

A. M. Ivanchenko, "Enchancing the stability of
operation of scintillation counters," Pribory i Tekh. Eksp
No. 2, 150-1 (1959).

V. A, Kirillin and S, A. Ulybin, "Experimental de-
termination of specific volumes of heavy water,” Teplo-
énergetika No. 4, 67-72 (1959).

Yu. L. Klimontovich, ®Energy losses of charged par-
ticles by excitation of plasma oscillations,” Zhur. Eksp.
i Teor. Fiz. 36, 1405-18 (1959). ,

B. Ya. Kogan et al., ®On the simulation of nuclear
power systems,” Avtomatika i Telemekhanika 29,
349-54 (1959).

F. G. Krotkov, "Health problems at the Second
Geneva Conference on the peaceful uses of atomic en-
ergy (September 1958)," Vestnik Akad. Med. Nauk SSSR
No. 3, 55-64 (1959).

A. S. Kuz'minskii and E. V. Zhuravskaya, ®Stabil -

ity of vulcanized rubbers to the action of ionizing ra-
diations,” Khim, nauka i promyshlennost® 4, 69-73(1959).

G. Ya. Lyubarskii and R V. Polovin, *On the disin-
tegration of unstable shock waves in magnetohydrody-
namics,® Zhur. Eksp i Teor.Fiz. 36, 1272-178 (1959).

M A. Mazing{and S. L. Mandel'shtam, *On the
broadening of spectral lines in a strongly ionized plas-
ma,"” Zhur. Eksp. i Teor. Fiz. 36, 1329-31 (1959).

O. M. Mdivani and T. G. Gachechiladze, " On the
angular distribution of neutrons in the ch (c, D) O re-
action,” Zhur. £ksp. i Teor. Fiz. 36, 1591-2 (1959).

V. E. Mitsuk and M. D. Koz'minykh, ® The elec-
tric field in a micorwave plasma as a function of time;
zhur. £ksp. i Teor. Fiz. 36, 1603-4 (1959).

B. Moiseev, ® Automation of the processing of
charged-particle track photographs in bubble chambers,*
Priroda No. 5, 82-84 (1959).
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A. N. Protopopov et al., * Angular amstropy and
energy data of the fission process,” Zhur, Eksp I Teor.
Fiz. 36, 1608-9 (1959).

A. N, Protopopov and V. P. ﬁjsmont, *On the de-
pendence of the degree of angular anisottopy of the
t;ission process on the structure of the nucleus,” Zhur.
Eksp. i Teor. Fiz. 36, 1573-74 (1959).

D L Ryabchikov and E. K. Gol'braikh, » Thorium
and thorium compounds, Uspekh1 Khim. 28, 408 435
(1959).

B. N, Samoilov et al., ®Polarization of cobalt and
iron nuclei in ferrites,” Zhur. fksp. i Teor. Fiz. 36,
- 1366-67 (1959).

L K. Sokolova, "Investigation of chemical systems
for dosimetry (review article),” Med. radiologiya 4,
78-80 (1959).

K. N. Stepanov, "On the penetration of an electro-
magnetic field into a plasma,” Zhur. Eksp i Teor. Fiz.
36, 1457-60 (1959).

A. A, Titlyandva and N. A. Timofeeva, "On the
mobility of cobalt, strontium, and cesium compounds
in soil,® Pochvovedenie No. 3, 86-91 (1959).

A. F, Fedorov, " Natural radioactivity of marine
organisms,” Priroda No. 4, 86-88 (1959),

| Yu. A. Tsirlin, ® Disperse-phase fast-neutron de-
tectors,” Zhur, Tekh, Fiz, 29, 530-538 (1959).

P. 1. Chalov, "Isotope ratio of Um/‘ U2 in certain
secondary minerals,”

L. 1. Shmonin et al., ®Neutron flux of the earth's
crust,” Geokhimiya No. 2, 105-109 (1959).

D. Aliaga-Kelly, NuclearPower 4, 111-112 (1959).
W. Amold, Nuclear Sci. and Eng. 5, 105-119(1959).

L. Barbieri et al., Nuclear Sci. and Eng. 5, 105-119
(1959).

R. Bartholomew et al.,
(1959)

Canad. J. Chem.gz. 660-663

G. Bell,Nuclear Sci. and Eng. 4, 138-139 (1959).
E. Bernshon et al., Nucleonics 17, 112-115 (1959).
M. Bleiberg, Nuclear Sci. and Eng.5, 78-87 (1959).

F. Boeschoten and K. Groenewolt, Physica 25, 398
(1959).

K. Boyer et al,,

F. Brooks, Nuclear Instr. and Methods 4 151-163
(1959). ,

R. Carter, *Compatibility problems in the use of
graphite in nuclear reactors,” Atompraxis 5, 142-47
(1959). :
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Geokhimiya No. 2, 165-170(1959).

Phys. Rev, Letters 2, 279-280 (1959).

W. Clarke, Nuclear Power _@, 109 (1959).
C. Clayt.on,'.Reséarch 12. 148-154 (1959).
’ C.‘Clay'ton, 'R'e‘asearch'}_?_. 172-178 (1959).

L. Cohen and W, S;tephens, Phys. Rev. Letters 2,
263-264 (1959).

H. Corben, Nuclear Sci. and Eng, 5, 127-131 (1959).

V. De Sabbéta, Suppl. Nuovo Cimento 11, Ser, X,
225-314 (1959).

R.-Enstrom, "Manufacmrte of tubular type fuel ele-
ments for the CP-5 reactor,” Atompraxis 5, 147-54
(1959), ' '

B. Fabre and F. Rossillon, ®Melusine, the first re-

actor of the Grenoble nuclear research center,®Industries

Atomiques 3, 42-49 (1959).
R. Garvin et al., Phys. Rev. Letters 2, 213-215 (1959).

" H. Gebauer, * Dependence of optimal cathode thick-
ness of G-M counter on the atomic number of the ma-
terial and on the energies of the gammas intercepted,”
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Zoutstandlng new Sovret journals

. _KINETICS
- AND
CATALYSIS

The first authoritative journal specifically designed for those

, interested (directly or indirectly) in kinetics and catalysis.
This journal will carry original theoretical and experimental
papers on the kinetics of chemical transformations in gases;

. solutions and solid phases; the study of intermediate active
particles (radicals, ions); combustion; the mechanism of
homogeneous and heterogeneous catalysis; the stientific
grounds of catalyst selection; important practical catalytic
processes; the effect of substance — and heat-transfer proc-
esses on the kinetics of chemical transformations; methods
of calculating and modelling gontééf apparatus.

Reviews summarizing recent achievements in the highly im-

portant fields of catalysis and kinetics_of chemical trans-
formations will be printed, as well as reports on the proceed-
ings of congresses, conferences and conventions. In addition
to papers originating in the Soviet Union, KINETICS AND
CATALYSIS will contain research of leadmg scientists from
abroad. .

Contents of the first issue include:

Molecular Structure and Reactivit;in Catalysis,

A. A. Balandin
Py
The Role of t‘he Electron Factor in Catalysis. S. Z. Roginskii

The Principles of the Electron Theory of Catalysis on Semicanductors.

" F. F. Vol'kenshtein . . \

The Use of Electron Paramagnetic R
V. V. Voevodskii

in Chemistry.

‘The. Study of Chain and. Mole‘c‘ular Reactions of intermediate Sub-
stances in Oxidation of n-Decane. Z. K. Maizus, I. P. Skibida,
N. M. Emanuél’ and V. N. Yakovieva . -

" The Mechanism of Oxidative Catalysis by Metal Oxides. V. A. Roiter

The Mechanism of Hydrogen-isotope Exchange on Platinum Films.

G. K. Boreskov and A. A. Vasilevich -

Nature of the Change of Heal and Activation Energy of Adsorphon wrth_

Increasing Filling Up of the Surface. N. P. Keier

Catalytic Function of Metal lons in a Homogeneous Medium.
L. A. Nikolaev .

Determina!ion of Adsorption Coefficient by Kinetic Method. I, Adsorp-
_tion Coefficient of Water, Ether and Ethylene on Alumina.
K. V. Topchieva and B. V. Romanovskii

The Chemical Activity of Intermediate Products in Form of Hydrocar-
bon Surface Radicals in Heterogeneous Catalysis with Carbon
Monoxide and Olefins. Ya. T. Eidus

Contact Catalytic Oxidation of Organic Compounds in the Liquid Phase
on Noble Metals. I. Oxidation of the Monophenyl Ether of Ethyl-
eneglycol to Phenoxyacetic Acid. 1. ). loffe, Yu. T. Nikolaev and
M. S. Brodskii . .. 7

Annua! Subscription: $150.00
Six issues per year — ap'prox. 1050 pages per voiume

o~

-

N

.

~ JOURNAL OF
STRUCTURAL
CHEMISTRY

-

This significant journal contains papers on all of .the most
important aspects of theoretical and practical structural

P

_chemistry, with an emphasis given to new physical methods.

and techniques. Review articles on special subjects in_the
field will cover publlshed work not readily avarlable in -

"English,

The development of new ter:h‘niques for investigating the
structure of matter and the nature of the chemical bond has
been no less rapid and spectacular-in the USSR than in the
West; the Soviet approach to the many ptoblems of structural
chemistry cannot fail to stimulate and enrich Western work
in this field. Of special value to all chemists, physicists, geo-
chemists, and biologists whose work is intimately linked with
problems of the molecular structure of matter.

Contents of the first issue include: o

13

Electron-Diffraction Investigation of the Structure of Nitric Acid and
Anhydride’ Molecules in Vapors. P A. Akishin, L..V. Vilkov and ,
V. Ya. Rosolovskii .

Effects of .Jons on the Structure of Water. 1. G. Mikhailov and Yu P.

- Syrnikov - -

Proton Relaxation in Aqueous Solutions of Dramagnetac Salts l. Solu-
. tions of Nitrates of Group I Elements V M. Vdovenko ‘and V A,
Shcherbakov

Osciltation Frequencles of Water Molecules in the First c::ordlnatlon
~  Layer of kon in Aqueous Solutions. O. Ya. Samilov _ -

Second Chapter.of Silicate Crystallochemistry. _. N. V. Befov.

Structure of Epididymite NaBeSi;0,0H. A New Form of Infinite Silicon
—Oxygen Chain (band) {S:.O,,] E. A. Podedimskaya and N, V.
Belov

Phases Formed in the System Chromrum—Boron in the Boron-Rich
Region. V. A. Epel baum, -N. G, Sevast'yanov, M. A. Gurevich
- and G. S. Zhdanov

Crystal Structure of the Ternary Phase in the Systems Mo(W)— -
Fe(CO,Ni)— Sr E. I Gladyshevskiiand Yu. B. Kyz'ma

Complex Compounds with Mulhple Bonds in the Inner Sphere.
+ G, B. Bokii

Quantitive Evaluation of the Maxima of Three. D-mensmnal Palersol_
Functions. V. V. flyukhin and S. V. Borisov

Applicatioh of Infrared Spectroscopy to Study-of structure of Silicates.
. Reflection Spectra of Crystalline Sodium Silicates in Region of
7.5-15;. 'V. A. Florinskaya and R. S. Pechenkina °_ .

Use of Electron Paramagnehc Resonance for Inveshgatmg the Mofec:
ular Structure of Coals. N N. Trkhomlrova, {. V. Nikotaeva and .
V. V. Voevodskii

New Magnetic Properties of MacF lecular €
jugated Double Bonds.
JA. E. Kalmanson - ’

p ds with Con-
L. A, Blyumenfel'd, A. A. Slinkin and

.

Annual Subscription: $80.00°

/ Six issues per year — approx. 750 pages per volume

o

Publrcatron in the USSR began with the May-Jine 1960 issues. Therefore, the 1960 volume S
will contain four issues. The first. of these will be available in transiation in April 1961. )

N

~

: CONSULTANTS BUREAU 227 W. 17 $T., NEW YORK 11, N. V.

Declassifie_d ar_ld,Ap,p,roved For Release 2013/02/21 : CIA-RDP10l02196R0001OOQ40002-8

-




Declassified and Approved For Release 2013/02/21 : C”IA-RDP10-0219‘6R0001000'40002-8‘

EQUIPMENT FOR A MODERN LABORATORY... A NEW CONCEPT IN DESIGN

Apparatus Drawings Project (ADP)

Sponsored by the American Association of Phy‘oico ,Teachero and .the American tnstitute of Physics under a grant from .thé National Science Foundation

-

’

~ ADP has been designed to present physics teachers and laboratory workers in the field

wnth complete data and drawings concerning over 30 unigue and economical preces of

" apparatus developed in the physics laboratories of some of America's leading colleges -

“and universities.

. N
The equapment descrlbed in ADP was developed as up-to-date teachmg apparatus
for laboratory experiments and lecture demonstrations. The’ drawings make available to -

‘ other departments designs for apparatis which would otherwise be difficult to obtain.

~

" _desk or’ Ilbrary U . . - -

The reports contained in this series document ongmal equipment which can be duph-
. cated in your shop — economioally often by your students

“AN INVALUABLE TEACHING AlDl -
- “USEFUL IN'RESEARCH! '~

A}

PLENUM PRESS will publlsh and dlstrlbute the entire series whrch w:ll ‘over over 30

different pieces of apparatus. You will be sent 10 reports in the first mailing. Printed

on fiat sheets (1,1 x 17, one side) for working convenience, the sheets fit into a durable
cardboard case for safe storage. B ' B

THE CASE WILL BE SENT TO You AT NO EXTRA CHARGE'

Approxlmately 10 reports w:ll be sent to you each mailing until you have received the ’
complete set. Then (and at no extra’ charge) you will receive a clothbound (82 x 11).
book whrch will contain all the matenal in the reports in handy reference form for your .

The series of over 30 reports, the att‘ractive’ cardboard storage case, and the desk-size
manual will be se_nt to you for the singl'e subscription price of only $25.00.

The full-size drawihgs and the'book are not sold separately.

' reports . L s

'

‘ [ The first ten reports will consrst of 1 ‘ . Developed at ~ - _ ] -

1. Baimer Series Spoctrum Tube i Massachusetts lhstitute'of Technology
2., Magnetic Field of a Circular Coil ~ -~ Rensselaer Polytechnic Institute
-3, Air Suspensron Gyroscope . o Massachusetts lnstitute of ‘rechnology/
4. Resolution of Forces Apparatus . Massachusetts Ihstitute of Technology
5. Simple Mass Speotrometer ," ‘ Swarthmore ) ' -
. 6. Bragg lefractron Apparatus . ‘ Rensselaer Polytechnic iInstitute R N - _
7. Versatile Mass Spectrometer - ',4 ti'artroouih oo N )
8. Driven Linear Mechanical Oscillator . Bryn Mawr . Co
9. -Sifple Kinetic Theory)'t)emo'ns'tration " 'Prmcetoﬁ C )

0. Air Suspended Pucks for Momerttum“ , . Massachusetts Institute of Technology

Expenments

Equnpment designed at other leadrng umversrtles and colleges will be |ncluded in future

/

co

You MAY SEND FOR A SAMPLE PAGE .

FOR FURTHER DETAlLS CONTACT MR. CHARLES KNOWLES

~

PLENUM PRE SS 227 WEST 17TH STREET, NEW YOK
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